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No.  797. 


NOTES   ON   EARLY   PRACTICE  IN   BRIDGE 
BUILDING. 


Geoege  E.  Gkay,  Hon.  M.  Am.  Soc.  C.  E. 
Peesented  Novembee  18th,  1896. 


WITH  DISCUSSION. 


In  reviewing  the  paper  entitled  "What  Is  the  Life  of  an  Iron  Eail- 
road  Bridge?"*  by  J.  E.  Greiner,  M.  Am.  Soc.  C.  E.,  and  the  discussion 
on  it,  the  author  was  particularly  interested  in  the  remarks  of  T.  C. 
Clarke,  M.  Am.  Soc.  C.  E.,  and  Walter  Katte,  M.  Am.  Soc.  C.  E.,  re- 
ferring to  certain  bridges  on  the  New  York  Central  and  Hudson  Eiver 
Eailroad.  The  conclusions  arrived  at  by  these  members  on  this 
question  are,  in  the  author's  opinion,  generally  correct.  These  con- 
clusions are  that  the  practice  of  j^lacing  the  diagonals  closer  than  is 
now  customary  led  to  diffusing  the  strains  over  a  large  number  of 
points  rather  than  concentrating  them  on  a  few,  which  is  one  of  the 
reasons  the  bridges  stood  so  well.  Mr.  Katte  was  of  the  opinion  that 
solidly  riveted  lattice  girders,  up  to  spans  not  exceeding  200  ft. ,  give 
unquestionably  the  best  service  for  such  constant  and  heavy  traffic  as 
that  on  the  New  York  Central  system. 

*  See  Transactions,  Vol.  xxxiv,  p.  294. 
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It  was  contemplated  in  the  original  design  foi-  the  bridges  referred 
to,  to  connect  all  of  the  jjarts  by  riveting,  thus  diffusing  the  strains 
throughout  the  whole  structui'e.  The  advantage  of  this  system  was 
soon  clearly  illustrated  at  a  bridge  of  this  type  just  erected  over  the 
Erie  Canal  near  Newark,  N.  Y.  A  fast  exi:)ress  passenger  train  was 
bound  westward,  and  as  it  approached  within  a  few  feet  of  this  bridge 
the  axle  of  the  forward  driving  wheels,  outside  connections,  broke  off 
close  to  the  right-hand  wheel.  This  left  the  wheel  free,  and,  being 
propelled  with  great  velocity  forward,  it  left  the  rail,  striking  in  its 
course  the  second  outside  right-hand  post,  from  the  easterly  end  of 
the  bridge,  cutting  the  i^ost  off  entirely,  together  with  several  tension 
bars.  In  addition,  the  third  and  fourth  posts  were  nearly  severed  and 
several  tension  bars  more  or  less  cut  away,  but  the  rigid  connections 
of  the  structure  carried  the  train  over  safely,  and,  in  fact,  there  was 
no  delay  in  passing  all  other  trains  while  repairing  the  damage.  It 
is  gratifying  to  the  author  to  hear,  after  so  many  years,  such  testimony 
in  recognition  of  the  labor  and  efforts  of  himself  and  his  able  assistant, 
the  late  Col.  Howard  Carroll. 

The  bridges  referred  to  were  designed  and  constructed  before  1864 
and  1865.  It  may  be  of  some  interest,  historically,  to  engineers  and 
others  to  know,  what  the  author  believes  to  be  true,  that  the  New 
York  Central  Railroad  Company  was  the  first  to  build  an  all  wrought- 
iron  bridge  of  any  considerable  span  for  railroad  use  in  the  United 
States.  Several  bridges,  cast  and  wrought  iron  combined,  had  been 
constructed  on  the  Whipple  and  other  designs,  but  the  failure  of  one 
of  them  on  the  New  York  and  Erie  Railroad,  through  the  ignorance  of 
track  men,  caused  railroad  officials  to  look  with  distrust  on  any  iron, 
bridge. 

The  i^rocess  that  led  up  to  the  adoption  of  iron  for  bridges  in  the 
United  States  was  slow.  The  author,  as  chief  engineer  of  the  New 
York  Central  Railroad  Company,  was  directed  to  examine  carefully 
into  the  subject  of  iron  bridges  and  report  to  its  Board  of  Directors. 
The  high  price  of  iron  and  the  general  lack  of  knowledge  of  its  use 
for  such  purjjoses  in  the  United  States  made  it  difficult  to  get  a  rea- 
sonable consideration  of  the  subject  by  those  high  in  authority.  In 
working  out  the  plans  and  strain  sheets  a  serious  question  arose  as 
to  how  much  a  given  section  would  bear  under  compression  without 
bending.     Upon  this  question   the  highest  authority  then   accessible 
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■was  silent,  and  the  author  had  to  work  it  out  by  erecting  the  proper 
testing  machinery  for  that  purpose  at  the  New  York  Central  shops 
at  Albany,  N.  Y.  Finally,  when  authority  was  obtained  and  jjlans  and 
estimates  prepared,  the  directors  and  oflScials  were  skeptical.  To  con- 
vince the  skeptics,  a  single-track  bridge  of  30- ft.  span,  proportioned  to 
1  ton  per  lineal  foot,  was  built  at  Schenectady,  solely  for  tests,  and  to 
be  so  used  until  broken. 

A  28  to  30-ton  locomotive,  the  heaviest  then  on  the  road,  was  run 
over  this  bridge  at  high  si^eed  without  any  defects  ajipeariug.  There- 
after the  bridge  was  loaded  by  dead  weight,  evenly  distributed,  to 
over  4  tons  per  lineal  foot,  when  the  bridge  failed  from  a  defective 
tension  bar.  Up  to  this  period  the  riile  had  been  to  proportion  all 
bridges  to  a  load  of  1  ton  per  lineal  foot.  Soon  after  the  rule  was 
changed  to  a  projjortion  of  2  tons  per  lineal  foot,  this  being  in  view 
of  the  demands  of  increasing  traffic  and  the  constant  tendency  to 
enlarge  the  capacity  of  locomotives  and  rolling  stock  generally. 

The  question  of  corrosion  entered  seriously  into  the  author's  calcu- 
lations originally.  Skeptics  made  telling  arguments  as  to  the  unreli- 
ability of  iron  on  that  account,  therefore  extra  precautions  were  taken 
to  protect  each  part  of  the  iron  promiDtly  on  delivery.  Long  after,  so 
anxious  had  the  author  become  on  this  subject,  and  fearing  neglect  to 
keep  the  bridges  well  protected  from  so  insidious  an  enemy,  he  wrote 
from  California  to  his  direct  successor,  Mr.  Charles  Hilton,  and  again 
to  Mr.  Charles  H.  Fisher,  his  successor,  both  among  his  former  assist- 
ants on  that  road,  calling  their  attention  to  this  subject  and  urging 
watchfulness  and  care.  Mr.  Fisher  replied,  that,  mindful  of  the 
danger,  he  had  called  the  attention  of  his  superiors  to  this  subject; 
that  they  had  expressed  no  concern,  were  apparently  indifferent,  and, 
furthermore,  said  that  the  danger,  if  any,  was  so  remote  there  was  no 
need  of  apprehension.  An  inspection  of  the  bridges  referred  to 
should  bear  witness  of  any  damage  by  corrosion  after  a  period  of 
35  years  or  more. 

Can  the  engineer  be  held  responsible  when  his  jDrincipals  are  so 
indifferent  to  the  inroads  of  such  an  enemy  as  corrosion,  in  fact,  the 
only  enemy  of  any  account  the  engineer  has  to  fear? 

The  author  is  wedded  to  rigid  connections  and  would  not  limit 
spans  to  200  ft.,  as  proj^osed  by  Mr.  Katte,  except  on  economical 
grounds,  such  as  rapid  erection,  or  the  continuous  running  of  trains 
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during  erection.  Riveted  connections  largely  avoid  vibration,  the 
great  demoralizer  of  all  iron  and  steel  bridges.  It  is  liis  firm  belief 
that  had  a  bridge  with  pin  connections  been  in  the  place  of  the 
present  bridge  at  Newark,  erected  over  32  years  ago,  the  whole  train, 
with  its  precious  load  of  passengers,  would  have  been  plunged  into 
the  Erie  Canal  below. 

To  the  engineer  of  this  date,  with  all  the  accumulated  knowledge 
and  experience  of  the  past  35  years,  with  perfection  of  machinery  and 
material  and  the  developed  science  of  bridge  building,  the  foregoing 
remarks  may  seem  not  worth  commenting  uijon;  but  'he  should  feel 
thankful  that  those  who  preceded  him  had  made  his  road  easier  and 
that  he  is  not  hampered,  as  they  were,  by  lack  of  experience,  a  very 
meager  bridge  literature  and  j^rejudiced  oi^position. 
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DISC  USS  lt>N. 


Geokge  H.  Thomson,  M.  Am.  See.  C.  E. — The  author's  early  ad- Mr.  Thomson. 
vocacy  of  iron  bridges  for  the  New  York  Central  Bailroad  and  his 
persistent  efforts  with  the  railroad  officials,  resulting  in  the  adoption 
of  wronght-iron  structures,  are  not  generally  recognized  as  they  should 
be.  As  chief  engineer  of  that  line,  he  had  for  his  bridge  assistant  Col. 
Howard  Carroll,  whose  first  work  was  the  bridge  over  the  Mohawk 
River  at  Schenectady,  still  in  service. 

Col.  Carroll  designed  in  riveted  lattice.  In  the  grouping  of  rivets 
for  specific  stress  modern  designs  do  not  excel,  and  often  do  not  equal, 
the  nicety  and  precision  shown  in  some  of  his  early  bridges.  For  ten- 
sion, he  used  flats  or  plates  only;  for  compression,  he  used  angles 
latticed,  or  angles  and  plates.  His  top  chords  were  of  plates  and 
angles,  and  continuous  throughout  the  entire  length;  his  floors  were 
made  of  track  stringers  and  floor  beams  (jslate  girders),  except  in 
double-track  bridges,  where  the  floor  beams  were  of  lattice  trusses. 
His  lateral  systems  were  of  flats.  In  one  of  his  bridges  still  in  service 
rivets  of  f,  |,  1,  1|  and  Ij  ins.  diameter  are  found.  He  used  panel- 
point  plates  in  his  truss  connections.  The  first  specification  for 
riveted  bridge  work  known  to  the  speaker  as  made  by  Carroll  is  dated 
1857;  it  is  the  prototype  of  current  specifications  for  riveted  work. 

Mr.  Charles  Hilton,  a  pupil  of  Col.  Carroll,  took  the  latter's  place 
on  the  New  York  Central  and  subsequently  became  its  chief  engineer. 
He  followed  Col.  Carroll  in  design,  with  some  modifications.  In  lattice 
bridges  of  the  pony  type,  he  riveted  the  floor  beams  to  the  verticals 
with  rivet  section  in  excess.  In  sjians  of  150  ft.  he  used  the  multiple 
system  where  a  web  tension  set  at  45°  covers  four  panels  of  the  truss  as 
shown  in  Fig.  1.  His  top  chords  were  like  Col.  Carroll's,  continuous 
throughout  the  entire  length;  his  floors  were  sometimes  made  of  9-in. 
I-beams,  spaced  20  ins.  centers,  and  hung  from  the  bottom  chords  by 
tension  rivets.  These  I-beams  svipported  longitudinal  timber  stringers 
upon  which  the  rails  rested.  His  web  compression  members  were 
sometimes  made  of  rolled  beams  and  channels. 

In  1864  Mr.  Hilton  changed  his  designs.  He  no  longer  used  the 
Pratt  system,  but  the  diagonal  system.  He  made  his  subpanels  about 
10  ft. ,  as  shown  in  Fig.  2.  He  used  stifi"  lateral  systems  everywhere. 
Twenty-one  years  ago  the  speaker  as  a  draftsman  drew  i>in-connected 
bridges  for  Mr.  Hilton  in  which  all  the  laterals  were  stiff'  and  riveted. 
His  tension  members  were  of  angles,  or  such  sections  as  had  a  con- 
siderable moment  of  inertia,  so  that  if  any  member  should  be  called 
upon  tem2:)orarily  to  do  duty  in  compression  or  as  a  beam,  it  was,  in  a 
measure,  available  therefor. 


6 


DISCUSSION    ON    EARLY    BRIDGE   BUILDING. 


Ml".  Hilton's  first  diagonal  lattice  was  the  bridge  over  the  Erie  Canal 
near  Canastota.  The  bridge  is  illustrated  in  the  "Manual  for  Rail- 
road Engineers,"  by  Professor  G.  L.  Vose,  but  the  attachment  of  the 
floor  beams  to  the  chords  was  by  a  diaphragm  distributing  to  both  webs 
of  chords,  and  not  as  shown  in  the  book  mentioned. 

Mr.  Hilton  was  not  inclined  to  eccentric  connections,  however,  and 
he  abandoned  panel-point  plates  after  1862.  He  always  had  in  mind 
elastic  relations,  esijecially  in  truss  connections,  and  therefore  the  con- 
nection of  a  thin  angle  to  a  thick  plate  is  not  found  in  his  designs. 
Fig.  3  shows  one  of  his  diagonal-system  bridges.  The  horizontal  mem- 
ber-_y- takes  both  tension  and  compression;  this  member  is  left  out  in 
European  bridges  of  this  type.     He  computed  trusses  from  engine 

Fig.  1.    Carroll  Through  Lattice 


wheels  in  the  year  1862,  and,  prior  to  1878,  made  specifications  for  wheel 
loads  such  as  are  now  current. 

A.  S.  C.  Wiirtele,  M.  Am.  Soc.  C.  E. ,  began  in  1868  to  design  lat- 
tice bridges  following  closely  Mr.  Hilton's  i^ractice.  In  1869,  S.  J. 
Eields,  M.  Am.  Soc.  C.  E.,  a  pupil  of  Mr.  Hilton,  designed  lattice 
bridges,  following  the  same  practice  with  improvements  in  details  of 
chords,  etc.  Charles  McDonald,  M.  Am.  Soc.  C.  E.,  about  1875,  also 
designed  lattice  bridges  with  improvements  in  details.  In  1876,  John 
F.  Alden,  M.  Am.  Soc.  C.  E.,  a  pupil  of  Hilton,  further  improved 
details. 

As  early  as  1873,  the  speaker  talked  over  the  matter  of  short  versus 
long  ijanels  with  Mr.  Hilton,  and  in  1885  he  began  to  use  long  panels, 
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up  to  32  ft.  length,  in  lattice  bridges.     After  twenty  years'  acquaintance  Mr.  Thomson. 

■with  multiple  systems,  and  consequent  short  j^anels,  he  is  in  favor  of 

the  long  panels  provided  there  is  one  intersection  of  web  members,  as 

in  Fig.  4.     They  are  cheaper,  and  the  valid  conclusions  of  those  that 

favor  diffusion  of  stress  and  dispersion  of  members  hold  good  for 

them.      The   objection  to   them   as   regards   inadequate  diffusion  of 

stress  is  not  borne  out  by  gauging;  there  is  less  structural  motion 

in  the  long  than   in  the   short-panel   lattice  bridges    of    the   same 

weight. 

If  the  invasion  of  rivets  is  observed  in  the  details  of  pin-connected 
bridges  for  twenty-five  years  i)ast,  together  with  continuous  top 
chords,  riveted  floor  beams  and  stringers  with  their  rigid  connec- 
tions, plate  girders,  etc.,  the  influence,  pervasive  and  permanent,  of 
Messrs.  Carroll  and  Hilton  will  be  detected.  A  modern  bridge  cannot 
be  found  void  of  the  evidences  of  their  thought  and  work.  The  ideas 
of  engineers  change.     Twenty-three  years  ago  but  one   shop   in  the 


Fig.  4. 


United  States  built  lattice  bridges,  and  ten  years  ago  the  speaker  was 
severely  criticised  for  advocating  as  economical  plate  girders  of  100-ft. 
span  for  certain  well-defined  situations.  Long  plates  are  now  com- 
mon enough,  and  in  his  own  jiractice  he  has  erected  about  100  spans  of 
long  plates  up  to  123^ -ft.  span  since  1885. 

The  acceptance  of  rivet  work  has  become  so  thoroughly  established, 
and  the  principles  governing  the  design  of  rivet  construction  as  set 
forth  and  exemplified  in  the  practice  of  Messrs.  Carroll  and  Hilton  are 
so  generally  followed,  that  the  old  battle  of  pins  versus  rivets  seems  an 
idle  pastime.  At  the  present  date  there  are  able  engineers  who  do  not 
hesitate  to  design  an  unprecedented  long  span  suspension  bridge  with 
stiffening  trusses  of  the  lattice  type,  and  design  a  drawbridge  of  the 
1864  Hilton  type. 

The  pin-connected  bridge  of  modern  design,  barring  its  main  con- 
nections of  forged  eye-bars,  its  non-intersection  of  web  members,  and 
its  indirect  lateral  attachments,  embodies  the  lorincijial  features  of  the 
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Mr.  Thomson,  lattice  bridge.  The  future  will  further  develop  and  possibly  further 
merge  the  two  systems. 

There  is  much  chance  for  advance  in  the  design  of  bridges  of  the  lat- 
tice type,  but  before  much  success  can  be  obtained  in  that  direction, 
there  needs  to  be  change  in  cerebration;  more  freedom  and  less  "daddy- 
ism.  "  The  speaker  would  not  undertake  to  define  freedom,  as  a  compre- 
hensive consideration  of  all  the  points  involved  is  far  beyond  his  ability 
«  and  research.    However,  he  woiild  attempt  a  definition  of  "  daddyism," 

which  can  be  considered  as  provisional  only,  as  follows:  "Daddyism  " 
is  that  incoherent,  indeterminate,  indefinite  and  almost  indescribable 
manifestation  of  consciousness  as  expressed  through  the  personality, 
which  leads  the  mind  to  assume  that  things  as  they  exist,  and  rela- 
tions between  things  as  they  obtain,  are  the  same  as  one's  concepts  of 
things,  and  the  relations  between  them  ;  the  result  of  this  assumption, 
this  mode  of  thinking,  is  error  ;  its  product  is  i^rogress  of  the  negative 
order,  that  is  to  say,  retarded  progress. 

By  structural  motion,  referred  to  in  connection  with  the  bridges 
built  by  Mr.  Hilton,  the  speaker  meant  the  motion  induced  in  bridges 
by  the  imposition  and  passage  of  the  rolling  load.  "  Motion  "  per  se 
cannot  be  defined,  and  a  definition  of  structural  motion  would  involve 
an  acceptable  definition  of  that  which  in  its  nature  is  indefinable. 
However,  the  time  may  come  when  a  provisional  definition  of  motion 
may  be  established  ;  until  then  a  theory  of  structural  motion  cannot 
well  be  set  forth.  Looking  over  the  old  Carroll  bridges  it  was  found 
(by  computation  and  gauging)  that  many  members  were  stressed  up  to 
25  000  lbs.  per  square  inch  without  any  visible  evidence  of  elongation, 
loose  rivets,  etc.  The  observation  of  the  speaker,  confirmed  by  the 
study  of  structural  motion,  is  that  in  railroad  bridges  free  from  undue 
motion  a  stress  of  from  20  000  to  25  000  lbs.  per  square  inch  need  not 
always  cause  alarm,  but  much  motion  under  low  stresses  may  be  of 
sufficient  importance  to  suggest  to  the  engineer  an  inquiry  as  to  the 
validity  of  his  grounds  for  the  assumption  of  potential  strength  resi- 
dent in  his  material. 

An  engineer  handles  forces  primarily,  and  material  secondarily 
He  is  supposed  to  know  the  quantity  of  force  stored  up  in  his  material, 
and  also  how  long  it  can  be  kept  there  controlled  and  subject  to  the 
uses  he  intends,  for  "matter  is  force  in  bondage." 

As  to  the  magnitude  of  force  immediately  present  in  a  piece  of 
steel,  for  instance,  its  "jiroperties  "  afibrd  a  criterion  ;  as  to  the  con- 
servation of  this  force,  its  availability  for  repeated  and  long-continiied 
service,  and  therefore  the  measure  of  the  assurance  and  dependence 
thereon,  "quality"  offers  a  criterion.  The  speaker  had  not  seen,  so 
far,  a  specification  for  bridge  material  that  indicated  discrimination  as 
to  the  difi'erence  between  "jsroperty  "  and  "  quality." 


DISCUSSION"    ON   EARLY    BRIDGE    BUILDING  9 

Geokge  H.  BiiAKELEY,  M.  Am.  Soc.  C.  E. — Tnere  are  numeroiis  Mr.  Blakeley. 
recorded  instances  where  riveted  lattice  railway  bridges  have  with- 
stood, without  collapsing,  the  blows  and  shocks  caused  by  collisions 
and  derailed  cars,  while  there  are  few  records  of  pin-connected  rail- 
way bridges  standing  up  under  such  shocks.  The  number  of  riveted 
lattice  railway  bridges  in  use  in  this  country  is  unquestionably  less 
than  the  number  of  pin-connectedbr  idges;  consequently,  it  is  reason- 
able to  conclude  that  fewer  accidents,  in  the  aggregate,  occur  upon 
riveted  lattice  railway  bridges  than  upon  inn-connected.  Notwith- 
standing this,  the  reported  instances  where  the  riveted  type  of  bridge 
has  successfully  withstood  severe  accidents  are  far  more  numerous 
than  for  the  pin-connected  type.  It  does  not  necessarily  follow  that 
the  pin-connected  type  is  totally  unfitted  to  withstand  such  accidents. 
The  speaker  is  aware  of  several  instances  where  pin-connected  rail- 
way bridges  have  withstood  tremendous  shock  and  injury  without 
collajising,  yet  such  instances  were  never  reported  or  published  in 
the  technical  press.  The  advocates  of  the  riveted  tyi^e  of  bridge  are 
more  earnest  in  their  advocacy  than  those  who  have  faith  in  the  pin- 
connected  type. 

Charles  W.  Buchholz,  M.  Am.  Soc.  C.  E.,  kindly  furnished  the 
speaker  with  a  description  of  an  accident  to  a  double-track  pin-con- 
nected bridge  on  the  Erie  Railroad.  The  character  of  the  accident  and 
the  method  employed  by  him  in  temporarily  repairing  the  damage  is 
of  such  interest  as  to  warrant  being  given  in  detail. 

Bridge  No.  9,  Delaware  Division,  was  built  in  the  fall  of  1879. 
In  February,  1890,  a  coal  car  on  an  east-bound  train  was  derailed 
about  800  ft.  west  of  the  bridge,  and  running  on  the  ties  until  it 
reached  span  No.  3  the  forward  trucks  were  slewed,  and,  mounting 
the  guard  ribbon  at  about  the  west  end  of  span,  the  car  crashed  into 
the  vertical  post,  L3,  U3,  as  indicated  in  Fig.  5.  The  car  broke  this 
post  off  about  3  ft.  above  the  center  of  the  bottom  chord  pin,  bending 
the  upper  portion  of  the  jaost  outward,  and  remained  stationary  with 
about  one-third  of  the  body  of  the  car  jDrojecting  outside  of  the  truss, 
directly  above  the  pin  and  partly  supported  by  the  lower  end  of  the 
broken  post,  the  forward  trucks  being  shoved  backward  to  near  the 
center  of  the  car.  The  car  was  a  50  000-lb.  capacity  hopper-bottom 
gondola  loaded,  the  total  weight  being  about  88  000  lbs. 

The  first  thing  done  after  the  arrival  of  the  wrecking  crews  was  to 
hew  out  large  triangular  oak  blocks  to  fit  in  the  angle  formed  by  the  in- 
clined end  post  and  the  toiJ  of  the  bottom  chord  bars  close  to  the  pedestal 
shoes.  These  blocks  were  placed  on  each  end  of  the  damaged  truss, 
and  on  each  of  the  adjoining  spans.  Twelve  by  fourteen-in.  oak  blocks 
were  then  placed  close  to  the  triangular  blocks,  and  heavy  wrecking 
chains  with  l^-in.  links  were  wrapped  around  the  ends  of  each  of  the 
adjoining  12  x  14-in.  oak  blocks.     Wedges  were  then  jalaced  between 
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Mr.  Blakeley.  the  triangular  and  12  x  14-in.  blocks  and  driven  home,  thus  bringing 
a  good  tension  on  the  chains,  and  forming  a  connection  to  each  span 
at  each  end  of  the  damaged  truss,  so  that  it  would  be  necessary  either 
to  break  six  ply  l^-in.  chain,  or  drag  one  or  both  of  the  fixed  spans 
off  the  pier  or  abutment,  before  the  span  that  was  damaged  could  be 
totally  wrecked. 

While  some  of  the  wrecking  crews  were  connecting  up  the  trusses, 
others  were  busy  blocking  and  clamping  the  main  bars  L4,  U3,  L3, 
U2,  and  forming  them  into  struts.  Others  were  at  work  cutting  crib- 
bing pieces  to  distribute  the  weight  over  the  lower  chord,  framing 
around  the  lower  portion  of  the  broken  post,  and  making  a  bearing 
for  a  temporary  post  made  of  two  pieces  8  x  18  ins.  bolted  together 


SPAN  No.  4 


SPAN  No.  3 

U  4. 


SPAN  No.  2  . 


PLAN  OF  CONNECTION    BETWEEN  SPANS 
Fig.  5. 

and  fitting  close  to  a  crosshead  timber  on  the  under  side  of  the  top 
chord.  While  this  was  being  done  a  gang  of  men  was  shoveling  the 
coal  out  of  the  wrecked  car.  When  the  car  was  empty  a  wrecking 
car  was  run  on  the  west-bound  track  by  hand  jjower,  and  the  body 
of  the  coal  car  taken  off',  and  afterward  each  of  the  two  jaair  of 
trucks.  When  this  had  been  done,  the  temi^orary  post  and  cribbing 
that  had  been  prejjared  were  placed  in  position  and  wedged  to  a  good 
bearing. 

Traffic  was  then  resumed  on  the  west-bound  track,  and  tem- 
porary bents,  previously  framed,  were  then  placed  in  position  under 
panel  points  LI,  L2,  L3  and  L4  of  the  south  truss  for  greater  safety 
and  in  order  to  be  jn-epared  to  change  the  temporary  post  when  neces- 
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sary,  and  traffic  was  resumed  on  the  east-bound  track.  Panel  points  Mr.  Blakeley. 
L3,  U3  were  each  about  3  ins.  below  camber  during  the  time  that 
wrecking  was  progressing,  but  were  brought  back  to  position,  after 
temporary  bents  were  placed  and  correct  centers  obtained,  by  adjust- 
ing the  wedges  between  cribbing  and  temporary  post,  and  the  wedges 
between  the  temporary  bents  and  bridges. 

The  tojj  chord  splice  was  located  18  ins.  from  the  center  of  the  pin, 
and  while  the  rivets  in  side  splices  sheared  off  at  this  point,  those  in 
the  cover-plate  splice  held. 

This  instance  is  not  cited  as  an  argument  for  the  superiority  of 
the  pin-connected  type  of  railway  bridges,  nor  is  it  cited  to  disparage 
in  any  way  the  merits  of  the  riveted  type.  The  riveted  tyjae  of  bridge 
has  many  commendable  features,  and  it  is  being  more  largely  used 
for  railroad  bridges  than  heretofore. 

James  Owen,  M.  Am.  Soc.  C.  E. — On  one  occasion  a  derailed  coal  Mr.  Owen. 
car  struck  the  cast-iron  pocket  under  an  end  post  of  a  pin-connected 
bridge  on  the  Delaware,  Lackawanna  and  Western  Railroad.  The 
bridge  had  an  ordinary  portal.  The  pocket  was  carried  away,  leaving 
the  i^ost  without  any  support,  but  the  bridge  remained  standing, 
althoiTgh  the  first  cross- girder  sank  1^  to  2  ft. 

In  designing  highway  bridges,  the  speaker  long  ago  adopted  a  1 00- 
ft.  span  as  the  limit  of  pin-connected  work.  Spans  up  to  35  or  40  ft. 
he  now  builds  of  rolled  beams,  and  from  that  \\p  to  70  or  80  ft.  of  plate 
girders.  Most  of  his  highway  work  is  now  made  with  beams  and  gird- 
ers, with  arches  turned  between  them,  and  a  concrete  floor  to  cari-y  the 
pavement.  The  dead  load  is  largely  increased  in  this  manner,  running 
up  to  about  300  lbs.  jDer  square  foot,  but  the  factor  of  safety  can  be 
reduced. 

There  are  certain  elements  to  be  considered  in  highway  bridge 
practice  which  need  not  be  taken  into  account  in  designing  railway 
structures.  One  of  these  is  the  vibration  produced  by  fast  traveling 
vehicles  and  light  trotting  wagons,  which  will  cause  more  tremor  in  a 
bridge  than  will  a  heavy  locomotive.  In  early  pin-connected  bridges, 
the  speaker  was  continually  troubled  by  lateral  tie  bars  hitting  the 
posts,  and  he  was  forced  to  bind  the  bars  and  posts  together  to  jirevent 
their  rattling.  This  seemed  essentially  improper  from  an  engineer- 
ing point  of  view,  and  his  later  work  has  been  built  without  any 
bars  in  it,  all  parts  being  stiff  work  of  sufficient  size  to  take  up  the 
vibration. 

A  rather  curious  loading  for  a  plate  girder  bridge  noticed  by  the 
speaker  was  caused  by  a  contractor's  poor  judgment.  A  sewer  had 
been  built  beside  the  structure,  and  the  contractor  had  piled  the  earth 
on  it  until  the  load  amounted  to  about  950  lbs.  per  square  foot.  The 
speaker  looked  underneath  the  span  with  considerable  anxiety,  but 
found  no  deflection. 
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Mr.  Hardy.  George  E.  Hardy,  M.  Am.  Soc  C.  E.— In  the  matter  of  vibration 
of  tension  members  against  posts,  reference  may  be  made  to  tiie  fact 
that  certain  precautions  had  to  betaken  at  the  lower  bridge  at  Albany, 
N.  Y.,  to  prevent  the  wearing  of  these  members  in  this  way.  This 
bridge  is  a  structure  designed  by  the  late  Charles  Hilton,  and  is  pin- 
connected,  a  rather  strange  fact,  in  view  of  his  later  work  being  chiefly 
riveted.  A  few  years  later  he  designed  the  upper  Albany  bridge, 
which  was  a  riveted  structure  entirely.  Perhajis  ten  years  later,  the 
speaker  asked  Mr.  Hilton's  opinion  as  to  the  relative  merits  of  the  two 
systems  of  bridging,  then  a  subject  of  considerable  discussion,  and  he 
expressed  himself  very  much  in  favor  of  the  use  of  pin-and-link  work 
under  certain  conditions.  It  would  be  interesting  to  learn  of  any  good 
objection  to  such  work  in  long  deck  spans  where  there  is  no  oppor- 
tunity for  a  catastrophe  to  be  occasioned  by  the  train  service. 


CORRESPONDENCE. 


Mr.  Thomson.  T.  Kennard  THOMSON,  M.  Am.  Soc.  C.  E. — If  all  engineers  had  paid 
as  much  attention  to  painting  as  the  author,  there  would  be  some 
bridges  still  standing  which  are  now  in  the  scrap  heap.  The  writer 
has  rebuilt  bridges,  which  had  stood  rough  and  heavy  traffic  for 
twenty-five  years,  in  which  the  iron  was  as  good  as  new.  In  these 
cases  they  had  been  thoroughly  cleaned  and  painted  with  pure  red  lead, 
and  the  iron  had  never  been  exposed.  On  the  other  hand  he  has  con- 
demned and  rebuilt  bridges  which  had  been  in  use  only  a  few  years, 
but  were  dangerously  pitted,  although  they  had  apparently  been  kept 
painted.  The  rusting  had  started  and  continued  under  the  paint  until 
scale  ^  in.  thick  could  be  picked  off  with  the  fingers  from  channels 
which  were  originally  only  J  in.  thick. 

Steel,  after  once  rusting  through  the  outer  skin,  seems  to  keejj  on 
rusting  even  if  well  painted,  yet  many  bridge  companies  will  not  take 
steps  to  j)i"event  this  rusting  stai'ting,  and  some  do  not  even  see  the 
use  of  removing  the  mud.  Conseqiiently  there  are  many  structures 
which  have  not  been  up  a  year  in  a  worse  condition  than  others  after 
twenty  to  thirty  years. 

The  writer  once  had  charge  for  a  railroad  of  replacing  at  the  same 
time  two  old  viaducts  several  miles  apart.  On  arriving  at  one  of  these 
one  day  he  found  the  foreman,  supposed  to  be  an  exceptionally  bright 
man,  had  knocked  out  the  struts  and  eye-bars  of  some  30-ft.  Fink 
trusses,  leaving  just  one  15-in.  I-beam  30  ft.  long  under  each  rail,  and 
at  least  one-half  the  section  had  been  cut  from  the  center  of  these 
beams  for  the  strut  connection,  etc.  The  ties  had  been  left  on  15  ft. 
of  the  30-ft.  span.     The  foreman  argued  that  as  these  15-in.  beams 


CORRESPONDENCE   ON   EARLY   BRIDGE    BUILDING.  13 

had  carried  the  load  tmsupported  for  15  ft.,  therefore  it  was  just  the  Mr. Thomson, 
same  thing  to  have  a  30-ft.  beam  span  if  it  were  loaded  for  only  15  ft. 
This  was  on  a  6°  curve,  2%  grade,  with  heavy  coal  traffic;  as  it  seemed 
impossible  to  convince  him  of  his  error,  the  traine  were  flagged  and 
held  until  the  viaduct  was  made  safe.  Had  the  writer  happened  to 
be  at  the  other  viaduct  at  the  time,  and  he  had  liiore-  than  enough  to 
do  at  each  place,  the  train  and  his  reputation  would  have  gone  doAvn. 
The  viaduct  was  over  100  ft.  high. 

E.  B.  Gushing,  M.  Am.  Soc.  C.  E.— The  author's  belief  that  disas-  Mr.  Cushing. 
trous  results  would  have  followed  had  a  pin-connected  span  been  sub- 
jected to  the  same  severe  test  as  the  lattice  truss  mentioned  in  the 
paj^er  is  no  doubt  correct.  There  are  a  number  of  cases  on  record 
where  bridges  of  the  former  type  have  failed  owing  to  the  destruction 
of  a  post  by  being  struck  by  a  part  of  the  load  on  an  oj^en  car  becom- 
ing displaced  and  ijrojecting  beyond  the  clearance  line,  or  by  derailed 
cars.  While  it  is  possible  to  reduce  greatly  the  danger  of  accidents  to 
pin-connected  bridges  by  proiser  re-railing  devices,  the  introduction  of 
short  struts  to  strengthen  end-posts  against  shock,  and  other  com- 
paratively inexi^ensive  means,  it  is  hardly  practicable  to  build  a  pin- 
connected  span  that  would  resist  such  a  severe  test  as  the  one 
mentioned  in  the  paper.  The  diffusion  of  strains  over  a  number  of 
points  and  the  prevention  of  vibration  are  features  that  strongly  re- 
commend the  rigid  type  of  bridge.  The  ordinary  bridge  foreman, 
while  perhaps  duly  diligent  in  keeping  in  repair  the  wooden  trestles 
on  his  division,  seems  to  regard  the  iron  bridges  as  being  able  to  take 
care  of  themselves,  and  unless  constant  watchfulness  is  exercised  will 
permit  these  structures  to  get  out  of  adjustment.  The  constant  work- 
ing of  the  members  of  a  badly  adjusted  sjjan  under  traffic  sometimes 
causes  injuries.  This  is  especially  true  in  the  short  pin-connected 
spans  where  the  dead  weight  is  so  much  less  in  proportion  to  the  live 
load,  and  there  is  little  to  check  vibration.  The  writer  has  never  seen 
a  bridge  member  fail  under  direct  stress,  but  has  seen  instances  where 
it  became  necessary  to  rej^lace  a  web  member,  OAving  to  injury  through 
bad  adjustment.  In  riveted  spans  this  element  is  reduced  to  a  mini- 
mum. Even  the  partial  ai^plication  of  this  type  of  construction,  as,  for 
instance,  the  riveting  of  stringers  to  floor  beams,  instead  of  the  old 
method  of  placing  them  on  the  floor  beams  and  the  use  of  stiff  braces 
instead  of  rods  in  trestle  towers,  has  resulted  in  much  more  satisfac- 
tory practice. 

Another  jjoint  that  recommends  the  use  of  girders  and  of  lattice 
trusses  for  oj)enings  of  reasonable  length  is  the  facility  and  rajiidity 
with  which  they  can  be  erected.  Recently  the  Cleveland,  Akron  and 
Columbus  Railway,  in  replacing  a  wooden  Howe  truss  sjjan,  decided 
to  use  a  91-ft.  jjlate  girder.  This  girder  was  designed  to  carry  two 
engines,  each  weighing  120  tons,  followed  by  a  train  weighing  3  500 
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Mr.  Gushing,  lbs.  per  lineal  foot.  In  order  to  cause  no  delay  to  traffic,  while  dis- 
isensing  with  the  use  of  any  falsework,  the  girders  were  riveted  up 
complete  on  the  cars.  They  were  then  swung  on  gallows  frames  and 
lowered  into  place.  The  entire  time  consumed,  from  the  time  cars 
were  placed  until  trains  were  passed  on  the  new  tracks,  was  less  than 
six  hours.  Such  work  would  be  impossible  with  a  pin-connected 
span. 

Riveted  lattice  spans  require,  generally,  more  metal  than  the  pin- 
connected  type,  and  the  proi^ortion  increases  with  the  length  of  span, 
so  that  the  point  at  which  it  is  necessary  to  adojjt  the  latter  tyjje 
depends  upon  the  extent  to  which  owners  of  jiroperties  are  willing  to 
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set  aside  first  cost  as  the  controlling  feature  in  the  consideration  of 
alternate  plans. 

Using  the  general  formulas  for  weights  of  bridges  suggested  by  J. 
B.  Johnson,  M.  Am.  Soc.  C.  E.,  Fig.  6  has  been  calculated  to  show 
the  weight  per  lineal  foot  of  difierent  types  of  bridges.  Of  course, 
these  weights  would  vary  with  the  different  loadings  assumed,  and  the 
formulas  used  are  not  claimed  to  be  exact,  but  the  results  probably 
show  the  relative  weight  of  the  different  types  reasonably  well. 

From  this  it  would  appear  that  for  a  span  of  200  ft.  the  pin-con- 
nected truss  would  weigh  20^  less  than  the  riveted  truss,  and  for  a 
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span  of  250  ft.  the  diflference  in  favor  of  the  pin  type  woulcl  be  27%;  Mr.  Gushing, 
hence  it  is  likely  that  the  limit  of  200  ft.,  suggested  by  Walter  Katte, 
M.  Am.    Soc.  C.  E. ,   at  which  the  pin-connected   construction  shall 
begin,  is  not  too  conservative. 

For  the  shorter  spans  there  seems  to  be  little  doubt  that  rigid  con- 
struction will  become  the  general  practice.  In  his  last  specification, 
Theodore  Cooper,  M.  Am.  Soc.  C.  E.,  extends  the  limits  of  rigid  con- 
struction as  follows: 


Type. 


Rolled  beam 

Riveted  plate  girder 

Riveted  plate  or  lattice  girder.. 
Lattice  or  pin-connected  truss 
Pin-connected  truss 


Former 
Specification. 


Ifi  ft.  and  under. 
16  ft.  to    70  ft. 
70  ft.  to  100  ft. 


100  ft.  and  over. 


Latest 
Specification. 


20  ft.  and  under. 
20  ft.  to    75  ft. 
75  ft.  to  120  ft. 
120  ft.  to  150  ft. 
Over  150  ft. 


One  of  the  former  objections  to  the  riveted  type  of  bridges  was 
the  difficulty  in  transjjorting  intact  such  long  and  heavy  loads,  and  the 
consequent  large  amount  of  hand  riveting  in  the  field  of  the  detached 
parts.  This  difficulty  is  now  largely  overcome  by  the  greater  cajaacity 
of  cars  and  more  intelligent  methods  of  loading  girders,  so  they  may 
move  laterally  to  conform  with  the  chords  of  curves  over  which  they 
are  passing.  In  this  way  girders  over  100  ft.  long  have  been  transported 
without  any  trouble,  for  considerable  distances  over  railways  having 
heavy  curvatui-e.  Such  movements  are  entirely  safe  if  a  reasonable 
limit  of  speed  is  maintained  by  the  train  in  which  the  cars  are  moved. 

Though  some  railways  in  their  late  specifications  still  adhere  to 
their  former  practice  in  limiting  to  75  or  80  ft.  the  spans  for  which 
girders  are  required,  even  expressing  a  preference  for  pin-connected 
types  of  sjaans  exceeding  the  latter  length,  the  writer  believes  that  for 
spans  of  100  ft.  and  under,  plate  girders  will  eventually  become  general 
practice,  while  i)in-connected  spans  of  less  than  150  ft.  will  rarely  be 
built  on  railways  having  heavy  traffic. 

The  author  properly  remarks  that  engineers  of  the  jjresent  day 
should  be  thankful  to  those  who,  in  the  face  of  opposition,  laid  the 
foundation  for  the  present  system  of  iron  bridge  construction.  Now^ 
when  the  results  of  years  of  careful  research  by  the  members  of  the 
profession  has  been  crystallized  into  formulas,  tables,  charts  and  so  on, 
the  use  of  which  reduces  the  minutiae  of  calculations  so  much,  it  is 
hard  to  realize  the  tedious  labor  necessary  in  early  bridge  designing. 
The  profession  owes  much  to  those  men  who,  like  the  author,  first 
determined  the  course  and  then  blazed  out  the  way.  It  must  be 
pleasant,  indeed,  for  him  to  observe  these  monuments  to  his  judgment 
and  ability  standing  as  mute  but  eloquent  answers  to  those  who 
opposed  his  efforts  in  the  beginning. 
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Mr.  Gray.  Geokge  E.  Gray,  Hou.  M.  Am.  Soc.  C.  E. — The  autlior  is  greatly 
interested  by  the  discussion  relating  to  early  practice  in  bridge  build- 
ing. A  few  comments  may  not  be  out  of  place  to  complete  history. 
The  author's  original  designs,  charts,  strain  sheets,  and  calculations 
for  the  iron  bridges  referred  to,  built  on  the  New  York  Central  Eail- 
road  prior  to  18G5,  are  still  in  his  possession.  Col.  Carroll  was  his 
draftsman  and  assisted  in  making  detail  drawings,  etc.,  and  after- 
wards was  entrusted  with  the  supervision  during  construction  of  these 
bridges.  He  had  but  brief  experience  in  iron  bridge  building  before 
entering  the  service  of  the  New  York  Central  Railroad  Comi)any.  Mr. 
Charles  Hilton  had  in  special  charge  the  wooden  bridges,  buildings 
and  other  structures,  but  no  experience  in  iron  bridge  building  until 
the  retirement  of  Col.  Carroll,  when  that  charge  was  added  to  Mr. 
Hilton's  other  duties.  He  could  not  be  considered  a  pupil  of  Col. 
Carroll. 

Mr.  Hilton  consultetl  the  author  in  October,  18G5,  relative  to  the 
change  of  a  plan  previously  prepared  for  a  bridge  contem})lated  over 
the  Erie  Canal,  near  Canastota.  This  change  had  been  discussed  at 
different  periods,  but  the  author  objected  to  it,  mainly  because  of  the 
increased  strain  on  the  rivets,  at  the  same  time  admitting  the  reduction 
of  material.  This  latter  was  not  considered  an  equivalent  and  the  ob- 
jection holds  good  to  this  day. 
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WITH  DISCUSSION. 

The  government  of  water  power  under  variable  loads  has  always 
been  considered  a  difficult  i)roblem  under  the  most  favorable  condi- 
tions. Many  operators  of  water-i^ower  jilants  where  changes  in  load 
are  great  and  sudden  have  found  their  government  so  uncertain  and 
near  the  danger  line  that  it  was  believed  a  few  years  ago  that  small 
electric  street  railway  plants  could  not  be  successfully  oi:)erated  by 
water  power.  With  large  plants  the  change  in  load  represents  but 
a  small  percentage  of  the  whole  power  in  use,  so  that  the  variation  in 
load  is  not  so  extreme  as  to  cause  serious  difficulty  in  the  govern- 
ment of  the  power.  It  is  the  extreme  and  sudden  changes  that  cause 
trouble. 

The  modern  ball  governor,  as  used  to  regulate  water-wheels,  is  sat- 
isfactory in  its  operation  where  the  power  used  is  fairly  constant,  but 
becomes  entirely  inadequate  for  the  government  of  water  jjower  where 
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the  changes  of  load  are  sudden  and  extreme.  The  author  had  this 
problem  of  the  government  of  water  power  brought  to  his  attention  a 
few  years  ago  and  found  little  published  data  to  assist  him  in  solving 
it.  The  solution  became  a  matter  of  experiment.  The  result  of  these 
experiments  and  the  conclusions  drawn  from  the  investigation  may  be 
of  some  interest  to  the  engineering  profession. 

The  power  to  be  governed  consisted  of  a  pair  of  22^-in.  Victor  tur- 
bine wheels  working  under  40  ft.  head.  These  wheels  generated 
about  400  H.  -P.  on  the  wheel  shaft,  which  is  used  in  operating  6  miles 
of  electric  street  railway,  having  a  twenty-minute  service.  On  this 
line  are  employed  from  four  to  ten  cars  daily,  equipi^ed  with  two 
15  H.-P.  single  motors.  The  extremes  of  variable  load  are  of  daily 
occurrence.  There  are  moments  when  with  four  or  more  cars  in  serv- 
ice the  load  is  suddenly  removed  by  the  stojjping  of  all  cars  at  once, 
making  a  sudden  change  from  a  load  of  120  H.-P.  or  more  to  no  load 
on  the  generators. 

This  was  the  cause  of  frequent  annoyance  and  expense  due  to 
the  burning  out  of  armatures,  as  the  ball  governor  of  the  water-wheels 
does  not  act  quickly  enough  to  prevent  racing  of  the  wheels  at  times. 
A  large  fly-wheel  roped  with  five  2-in.  diameter  ropes  from  the  wheel 
shaft  failed  to  hold  the  wheels  always  in  check.  When  the  wheel  gov- 
ernor, assisted  by  the  balance  wheel,  succeeded  in  checking  the  speed, 
as  frequently  occurred,  the  recovery  of  the  necessary  power  to  o^jerate 
the  entire  load  was  necessarily  slow  in  action,  causing  delay  in  the 
starting  of  the  cars.  These  results  are  too  well  known  to  those  who 
have  had  any  experience  in  trying  to  operate  a  water  power  under  ex- 
treme variable  loads  to  need  further  notice.  The  water  to  oj^erate  the 
wheels  mentioned  is  conducted  from  the  head-works  at  the  dam  to  the 
wheels  through  a  penstock  9  ft.  in  diameter  and  400  ft.  long.  The 
absence  of  a  vent  or  standj^ipe  on  the  penstock  made  the  j^roblem  of 
government  of  the  power  still  more  difficult  of  solution.  It  has  been 
the  practice  among  hydraulic  engineers,  so  far  as  the  author  is  aware, 
to  disregard  length  in  penstocks  in  designing  water-power  plants. 
From  the  author's  observation  and  experience  it  is  shown  that  the 
shorter  the  column  of  water  in  the  penstock,  the  easier  it  can  be  regu- 
lated or  governed  in  flow  at  the  wheel.  In  other  words,  in  reducing 
the  time  of  getting  jsower  from  the  water  to  a  minimum  where  long 
penstocks  are  indispensable,  it  will  add  greatly  to  the  facility  of  gov- 
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erning  the  water  if  a  standpipe  is  placed  on  the  penstock  near  the 
wheels  to  be  governed,  of  a  diameter  equal,  or  nearly  so,  to  that  of  the 
penstock.  The  vent  pipes  as  generally  used  on  such  penstocks  are  en- 
tirely too  small  to  be  of  any  material  service  in  governing  the  water 
power  developed.  It  is  readily  understood  that  when  the  velocity  of 
flow  of  the  water  in  a  long  penstock  is  checked,  time  is  required  for 
the  same  velocity  to  be  again  acquired.  The  standpipe  suggested  for 
such  cases  acts  as  a  governor  and  brings  the  actual  head  of  water  into 
effect  in  the  minimum  period  of  time.  It  acts  as  a  reserve  force  ta 
allow  the  water  in  the  penstock  to  regain  the  required  velocity. 


Fig.  1. 

The  power  company  had  under  consideration  several  electrical  de- 
vices for  relieving  the  machines  of  surplus  current,  but  these  were 
abandoned,  either  as  being  too  expensive  to  be  considered  or  as  being 
insufficient  in  operation.  A  patented  electric  governor  was  obtained 
and  has  now  been  in  operation  for  about  two  years  and  has  proved 
successful  beyond  all  expectations. 

The  governor  was  placed  in  position  under  a  guarantee  from  the 
inventor  to  accomplish  certain  results  or  receive  no  compensation  for 
the  governor.  He  failed  to  accomplish  the  promised  conditions,  but 
the  result  was  so  highly  satisfactory  and  such  an  imjirovement  over 
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anything  before  tried  tliat  the  company  gladly  paid  for  the  governor. 
Some  minor  improvements  since  made  have  brought  it  up  to  the 
promised  efficiency. 

The  electric  governor  consists  of  a  gate  regulator,  a  high-speed 
engine  regulator  and  a  common  telegrajjh  or  gravity  battery,  with  its 


Fici.  2. 

circuit.  The  regulator  is  powerful  enough  to  control  the  wheel 
gates,  and  receives  its  i30wer  directly  from  the  wheels.  It  is  also  so 
sensitive  that  the  battery  current  will  cause  it  to  move  the  gates  as 
desired.  The  engine  governor  is  simply  used  as  an  indicator  of  sjDeed, 
and  as  the  indicator  rises  or  falls  it  makes  an  electric  contact,  tele- 
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graphing  the  regulator  which  way  to  move  the  gate.  There  is  no 
limit  to  the  distance  that  may  be  between  engine  governor  and  gate 
regulator.  Fig.  1  is  a  cut  of  the  governing  gate  in  use.  This  gate 
is  placed  in  the  draft  tube,  and  is  known  as  a  butterfly  or  damper 
gate.  To  the  gate  axis,  extending  through  the  draft  tube,  is  attached 
a  lever,  worked  by  means  of  a  wire  rope  attached  to  a  pulley  on  the 
regulator,  the  gate  being  opened  or  closed  as  the  speed  of  the  regu- 
lator increases  or  diminishes,  the  register  gate  of  the  turbines  being 
left  wide  open  constantly  while  the  wheels  are  in  operation.  Fig.  2 
is  a  general  cut  of  the  governor.  The  wire  rope  passes  several  times 
around  the  pulley  shown  on  the  right  of  the  cut,  one  end  of  the  rope 


Fig.  3.  Fig.  4. 

being  attached  to  the  lever  of  the  gate  in  the  draft  tube,  and  the  other 
end  to  a  counter-balance  weight.  The  end  to  which  the  counter-weight 
is  attached  was  formerly  made  fast  to  the  pulley.  The  substituting 
of  a  counter- weight  for  this  arrangement  is  advisable,  as  it  is  a  help 
to  quick  action,  and  relieves  the  machines  of  an  unnecessary  load  in 
closing  the  gate. 

Figs.  3  and  4  show  the  electrical  connections  of  the  speed  governor 
and  regulator  pawls.  The  speed  governor  is  belted  to  the  shaft  to  be 
regulated,  and  a  rise  or  fall  in  the  speed  of  the  shaft  causes  a  corre- 
sponding rise  or  fall  in  the  little  lever  B.  The  lever  5  is  a  portion  of 
the  battery  circuit,  and  in  falling  makes  or  completes  the  circuit  at 
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the  contact  D,  which  is  connected  by  wire  to  magnet  4.  Magnet  4 
becomes  energized  and  attracts  armature  3,  lowering  lug  2,  which 
action  permits  gravity  to  drop  pawl  1  into  the  ratchet  shown  in  dotted 
lines.  The  motion  of  the  ratchet  wheel  opens  the  gates.  This  opera- 
tion is  instantaneous,  and  gives  to  gravity  the  advantage  of  time  that 
is  lost  in  the  heavy  slow-acting  balls  which  miTst  necessarily  be  used 
in  mechanical  water-wheel  governors.  A  reverse  of  this  jirocess  will 
close  the  gate. 

' '  Gravity  is  the  force  from  which  we  derive  energy  in  water  power. 
The  energizing  effect  is  constant  as  far  as  pressure  is  concerned.  If 
more  power  is  required  from  a  water-wheel  at  any  time  it  must  neces- 
sarily come  from  one  or  both  of  the  only  two  sources  available  under 
the  existing  conditions,  namely,  the  existing  pressure  maintained  dur- 


FiQ.  5.  Fig.  6. 

ing  a  longer  time,  or  a  greater  area  of  pressure  during  the  same  time. 
Since  it  is  impossible  to  maintain  an  even  speed  for  fluctuating  loads 
by  the  former  source,  we  must  resort  to  the  latter.  And  since  it 
requires  time  for  gravity  to  energize  or  give  motion  to  the  increased 
quantity  of  water  required  for  an  increase  of  load,  it  is  evident  that 
most  valuable  time  can  be  saved  by  opening  the  gates  at  the  earliest 
possible  indication  of  decrease  of  speed." 

The  foregoing  in  the  langiiage  of  the  inventor  correctly  asserts  the 
principle  upon  which  this  governor  is  constructed.  He  accomplishes 
this  result  by  an  extremely  sensitive  governor,  the  sole  duty  of  which 
is  to  indicate  variations  of  speed.  The  battery  power  serves  simply 
to  trip  the  pawls  which  throw  the  gate  mechanism  into  action.  Fig. 
5  is  an  average  voltage  card  for  a  day's  run  on  the  electric  street  rail- 
way.    It  is  taken  at  random  from  the  daily  cards  taken  at  the  power 
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station.  Fig.  6  is  the  recorded  amperage  for  same  day.  These 
records  do  not  fall  much  below  the  average  records  of  the  best 
governed  engine  work.  This  governor,  as  will  be  seen  from  the 
description,  is  not  an  expensive  piece  of  mechanism.  Its  construction 
is  simple.  The  expense  of  maintenance  for  the  time  it  has  been  in 
service  under  the  author's  observation  consists  of  the  occasional  re- 
newal of  the  wire  rope.  While  the  author  is  not  prepared  to  say  that 
this  is  the  best  device  on  the  market  for  the  government  of  water 
power  under  variable  loads,  he  can  say  that  it  is  the  best  and  least 
expensive  device  that  has  come  to  his  notice,  and  that  it  has  solved  the 
problem  of  the  government  of  water  power  under  extremely  variable 
loads  in  the  instance  herein  cited.  In  his  opinion  there  is  no  reason 
existing  why  water  power  cannot  be  successfully  employed,  where 
variable  loads  are  the  rule,  by  the  use  of  electric  governors.  The 
conditions  should  be  made  as  favorable  as  possible  in  original  con- 
struction, and  the  electric  princii^le  applied  to  governing  the  gates 
will  give  satisfactory  results  in  steady  power. 
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DISCUSSION. 


Mr.  Hawks.  A.  McL.  Hawks,  Jun.  Am.  Soc.  C.  E. — There  is  a  small  water  power 
near  Oljmpia,  Wash.,  which  is  used  for  milling  jjurposes  and  also  to 
oi^erate  an  electric  railway  and  lighting  system  in  that  city.  The  same 
pair  of  60-in.  wheels  drives  the  railway  and  lighting  generators,  and 
the  result  is  that  the  incandescent  lamps  flicker  considerably,  owing  to 
the  varying  loads  on  the  railway  circuits.  The  water  is  taken  directly 
from  the  falls  and  delivered  within  50  ft.  to  the  wheels.  The  ball 
governor  originally  tried  as  a  regulator  proved  to  be  useless,  so  the 
governing  is  now  done  by  keeping  a  man  all  the  time  at  the  entrance 
gate  of  the  penstock.  He  has  before  him  the  voltmeter  and  ammeter 
of  the  circuit  and  Ave  incandescent  lamps,  so  that  his  eye  will  be 
attracted  not  only  by  the  swinging  of  the  needles,  but  also  by  the  flick- 
ering of  the  lamps.  As  fast  as  a  change  occurs  the  headgate  is  opened 
or  closed,  the  governing  being  done  entirely  in  this  manner.  The  work 
requires  two  men,  who  are  paid  $1  50  a  day  each,  making  the  total  ex- 
pense of  this  system  of  governing  over  $1  000  a  year.  The  manager  of 
the  works  is  so  well  satisfied  with  it  that  he  refused  the  speaker's  ofi'er 
to  supply  a  reliable  governor  which  would  operate  automatically,  for 
a  sum  equal  to  the  semi-annual  cost  of  the  present  method. 

Mr.  Smith.  J.  Waldo  Smith,  Assoc.  M.  Am.  Soc.  C.  E. — "With  regard  to  the 
statements  in  the  paper  concerning  the  time  needed  to  change  the  con- 
dition of  motion  in  long  penstocks,  it  may  be  said  that  observations  on 
a  4-ft.  pipe  about  22  miles  long  have  shown  that  a  change  of  conditions 
at  the  lower  end  will  affect  the  flow  of  water  inside  the  pipe  in  less 
than  a  minute.  The  water  starts  and  stops  almost  instantaneously 
with  the  opening  and  closing  of  the  gate. 


CORRESPONDENCE. 


Mr.  Frizell.  J-  P.  FEizEiii.,  M.  Am.  Soc.  C.  E. — The  methods  and  mechanism  de- 
scribed by  the  author  are  capable,  without  doiibt,  of  accomplishing 
what  he  claims,  and  were  regulation  the  only  condition  to  be  fulfilled  in 
the  use  of  water  power,  this  would  be  an  advisable  method  of  secur- 
ing it.  Economy  in  the  consumption  of  water  is,  however,  an  indis- 
pensable condition  in  the  use  of  water  power,  and  it  appears  to  the 
writer  that  the  method  described  would  be  attended  with  very  material 
sacrifices  from  this  point  of  view. 

The  regulation  of  water-wheels  by  gates  placed  in  the  penstock  or 
draft-tube  has  been  adopted  and  practiced  by  engineers  of  standing. 
The  writer  has  therefore  thought  it  worth  while  to  point  out  in  some 
detail  the  nature  and  extent  of  the  losses  involved  in  such  a  system. 
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The  wheel  is  the  so-called  Victoi*  wheel,  a  pair  of  wheels  on  a  hori-  Mr.  Frizell. 
zontal  axis.  The  head  is  40  ft.,  the  maximum  yield  of  power  400  effec- 
tive horse-power,  the  power  in  current  use  varying  from  that  figure  to 
practically  nothing.  Like  all  wheels,  it  is  provided  with  a  regulating 
gate,  properly  so  called.  The  author  introduces  an  additional  gate, 
which  may  be  called  a  throttle  gate,  in  the  draft- tube  below  the  wheel. 
The  conditions  would  be  precisely  the  same  if  it  were  introduced  in  the 
penstock  above  the  wheel.  In  this  arrangement  the  regulating  gate,  or 
gates,  of  the  wheel  remains  fully  open  at  all  times,  the  mode  of  regula- 
tion consisting  in  diminishing  or  increasing,  according  to  requirement, 
the  effective  head  acting  on  the  wheel.  The  portion  of  the  head  ex- 
cluded from  operation  on  the  wheel  is  employed  in  giving  velocity  to 
the  water  after  it  has  passed  the  wheel.  The  writer  will  compare 
the  quantities  of  water  corresponding  to  different  amounts  of  power 
in  this  system  with  those  where  the  regulator  acts  on  the  regulating 
gate. 

The  makers  of  the  wheel  place  the  efficiency  when  running  imder 
full  gate  at  0.81.  This  is  its  eflBciency  under  all  conditions  in  the 
author's  system.  This  fact  tends  to  economy,  while  the  diminution 
of  the  head  tends  in  the  opjiosite  direction. 

The  quantity  of  water  required  for  400  H.-P.  is — 

400  X  550 ^^„         ,,  ^ 

40  X  62.3  X  0.81  =  ^^^  ""''-  *^-  ^'''  ^""^^^^- 

Suppose   the    requirement  for  power  to  be  reduced  to  300  H.-P. 
This  would  be  furnished  with  an  efficiency  of  about  0.77.     In  this  con- 
dition the  quantity,  with  regulating  gate  controlled,  would  be — 
300  X  550  „^  „.  - 

9  =  62.3  X  40  X  0.77  =  ^^  ''"•  **•  ^^''  ^"^°^*^^- 

To  find  the  quantity  corresponding  to  300  H.-P.  when  controlled 
by  throttling  the  draft  tube,  it  is  necessary  to  proceed  as  follows: 
q  =  quantity  of  water  discharged,  in  cubic  feet  per  second. 
h  =  head  acting  on  wheel,  in  feet. 

The  two  following  equations  may  be  written: 

"^^^-^^-OO (1, 

'"I'^slw- *'' 

From  which  the  following  are  obtained : 


/  550  X  300  y  40  \ 
''=   Vl09  X  62.3  X  O.sJ  =^^-^2 (^> 
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Mr.  Frizell.  That  is  to  say,  to  obtain  300  H. -P.  by  controlling  the  regnlating 
gate  would  require  86  cu.  ft.  per  second.  To  obtain  the  same  power 
by  the  author's  method  would  require  99  cu.  ft.  per  second. 

Performing  the  same  computations  for  250  H.-P.,  it  will  be  found 
that  this  could  be  obtained  by  controlling  the  regulating  gate  with  78 
cu.  ft.  per  second,  and  by  throttling  with  93  cu.  ft.,  the  effective  head 
in  the  latter  case  being  29  ft.  With  200  H.-P.  the  figures  would  be 
70  and  86  cu.  ft.  respectively,  the  head  in  the  latter  case  being  25  ft. 
With  150  H.-P.  the  efficiency  of  the  wheel  is  assumed  at  0.50.  The 
quantity  in  the  first  mode  of  regulation  would  be  66  cu.  ft.  per  second, 
and  in  the  second  79  cu.  ft.,  with  an  effective  head  of  21  ft. 

This  mode  of  computation  is  not  strictly  correct.  To  avoid  intri- 
cacy, the  efficiency  of  the  wheel  at  three-fourths,  five-eighths,  one-half 
and  other  parts  of  the  maximum  power  has  been  assumed  the  same  as  the 
efficiency  at  three-fourths,  five-eighths,  one-half  and  other  parts  of  the 
maximum  discharge.  A  true  computation  would  show  the  difference 
in  economy  between  the  two  modes  of  regulation  to  be  greater  than 
here  appears.  It  is  sufficient,  however,  to  show  that  regulation  by 
throttling  is  not  advisable  where  economy  in  use  of  water  is  of 
importance. 

The  writer's  object  in  this  criticism  is  simply  to  point  out  the  in- 
herent and  unavoidable  defects  of  the  proposed  mode  of  regulation. 
He  will  offer  one  further  remark  upon  the  statement  quoted  from 
the  inventor,  viz. ,  "it  requires  time  for  gravity  to  energize  or  give 
motion  to  the  increased  quantity  of  water  required  for  an  increase  of 
load." 

The  writer  must  pronounce  this  an  unqualified  error.  In  a  pipe  of 
the  length  indicated,  filled  with  water  under  some  pressure,  if  the 
wheel  gate  is  conceived  to  be  instantaneously  opened,  the  starting  of 
the  water  through  the  gateway  would  be  absolutely  coincident  with 
the  opening  of  the  gate.  The  entire  contents  of  the  pipe  would  not 
start  simultaneously.  A  change  of  pressure  in  such  a  condition  is 
propagated  through  the  pipe  with  the  velocity  of  sound  in  water  ; 
about  one-twelfth  of  a  second  would  elapse  from  the  starting  of  the 
gate  before  the  water  commenced  to  move  at  the  receiving  end  400  ft. 
distant.  The  discharge  during  this  interval  would  be  maintained  by 
the  exi^ansion  of  the  water  and  contraction  of  the  pipe  consequent 
upon  the  release  of  pressure. 
Mr.  Replogie.  Majrk  A.  Eeplogle,  Esq. — The  writer  has  been  making  a  special 
study  of  the  problem  of  governing  water  power  under  variable  loads 
for  some  years  past,  and  has  necessarily  had  some  varied  experience 
in  this  line.  He  has  made  a  detailed  study  of  the  practice  of  using 
long  closed  flumes  and  penstocks,  and,  in  his  opinion,  too  little  atten- 
tion has  been  given  by  engineers  to  their  effects  in  the  matter  of  gov- 
ernment or  wheel  regulation. 
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The  draft-tube  governing  appliance  referred  to  in  tlie  paper  is  Mr.  Replogle. 
evidently  an  expedient  to  overcome,  or  partially  so,  the  evil  efifects  of 
a  long  horizontal  penstock.  Water  being  i^ractically  inelastic,  it  is 
plain  that  for  every  increase  or  decrease  in  quantity  entering  the 
wheel  gates,  there  must  be  a  corresponding  increase  or  decrease  in  the 
rate  of  flow  throughout  the  flume  or  penstock.  Wheel  plants  have 
been  designed  and  built  where  it  requires  the  full  power  of  the  head 
for  many  seconds  to  raise  the  encased  horizontal  body  of  water  to  the 
velocity  necessary  to  furnish  the  power  required  for  an  increase  of 
load,  such  as  is  required  in  starting  one  or  more  cars  on  the  line  ;  and 
since  the  motorman  takes  the  power,  rather  than  leaves  an  order  for 
it,  it  must  be  supplied  from  the  revolving  machinery  until  the  gravity 
effects  are  available  for  power  purposes  at  the  wheel  gates.  The  result 
is  that  the  speed  will  drop  until  balanced  by  gravity,  which  balancing 
can  only  be  done  at  the  expiration  of  the  time  necessary  for  gravity  to 
impart  power  enough  to  the  great  horizontal  mass  of  water  to  give  it 
the  proper  velocity  at  the  wheel  gates.  A  water-wheel  receives  its 
power  by  stopping  the  water  to  which  gravity  has  given  motion,  and 
the  water  must  enter  the  wheel  at  a  proper  velocity  in  order  to  yield 
its  fullest  efficiency  of  power.  After  increasing  the  ojjening  of  a  wheel 
gate  at  the  end  of  a  long  pipe  or  flume,  the  first  effect  is  a  reduction  of 
the  velocity  in  the  ratio  that  the  gate  area  is  increased,  and  this  reduc- 
tion in  velocity  is  lowering  the  power  effect  of  the  water  on  the  wheel, 
making  the  first  effect  after  moving  the  gates  the  opposite  to  that 
desired.  This  first  bad  effect,  added  to  that  of  lost  time  in  changing 
the  velocity  in  the  closed  flumes,  makes  them  very  undesirable  from  a 
governing  point  of  view. 

The  writer's  experience  has  led  him  to  believe  that  the  discharge 
gate  described  in  the  paper  decreases  one-half  the  time  in  getting  the 
gravity  effects  where  long  flumes  must  be  used,  as  experience  shows 
that  about  one-half  of  the  water  must  pass  through  the  wheel  to  bring 
it  to  sjseed,  while  only  the  latter  half  must  be  added  to  furnish  the 
maximum  power.  This  is  accounted  for  by  the  changes  made  in  the 
head,  by  backing  the  water  up  in  wheel,  and  by  the  fact  that  a  full 
efficiency  cannot  be  had  unless  the  water  enters  the  wheel  at  a  proper 
ratio  of  speed. 

The  experience  gained  during  the  develojiment  of  a  35-mile  electric 
water-power  transmission  plant  in  the  Rocky  Mountains  has  gone  far 
toward  maturing  the  writer's  views  concerning  long  pipes  as  feeders 
to  water  wheels.  In  this  plant  the  head  is  1  410  ft. ;  the  supply  pipe 
is  about  3  800  ft.  long  and  20  ins.  in  diameter;  the  static  pressure  at 
the  wheel  gate  is  610  lbs.  per  square  inch.  Two  safety  or  relief  valves 
were  at  first  provided  near  the  wheels,  to  insure  safety  to  the  pipe  in 
the  event  of  a  sudden  stoppage  of  a  wheel-gate  opening.  Experience 
showed  that  there  was  a  possibility  of  damage  even  before  the  inertia 
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Mr.  Replogle.  of  tlie  relief  valve  weight  could  be  overcome;  it  was  also  noticed  tliat 
wliea  tlie  relief  valve  operated  j)roperly,  it  would  remain  open  until 
the  pressure  was  I'elieved  in  its  vicinity,  then  it  would  close.  The 
decrease  of  pressure  at  this  point  would  allow  a  flow  of  water  toward 
the  relief  valve,  caused  presumably  by  the  elasticity  of  the  pipe,  and 
the  valve  would  o]jen  a  second  time  more  violently  than  the  first'. 
The  commotion  in  the  pipe  kept  increasing  with  each  succeeding 
opening,  until  the  valve  had  to  be  beld  down  to  prevent  damage  to 
the  pipe.  This  and  subsequent  experiences  proved  to  the  engineers 
in  charge  that  it  was  dangei-ous  to  trust  to  the  relief  valves  for  safet}'; 
hence  they  were  blocked.  All  valves  were  provided  at  once  with 
threaded  stems,  so  as  to  require  considerable  time  in  opening  or 
closing.  Before  this  provision  was  made  anotlier  incident  occurred, 
which  was  expensive  as  well  as  interesting.  One  of  the  wheel  gates 
was  suddenly  opened  by  accident,  and  the  pressure  gauge  showed  a 
reduction  of  several  hundred  pounds  after  a  vei'y  short  period  of  time. 
This  induced  the  operator  to  close  the  gate  quickly.  It  is  said  that 
the  pressure  gauge  registered  1  000  lbs.  almost  immediately.  The 
steel  pipe  burst  at  a  point  700  ft.  .above  the  power-house.  This  pre- 
sumably was  the  meeting  point  of  the  water  in  filling  the  vacuum 
caused  by  ojaening  the  gate  too  suddenly.  Several  hundred  feet  of 
the  upper  portion  of  the  pipe  lay  in  an  almost  horizontal  position; 
hence  the  water  contained  in  it  would  not  start  so  quickly  as  the  water 
in  the  more  vertical  portions.  Immediately  after  the  burst  occurred, 
the  horizontal  portion  of  the  pipe  collapsed,  as  the  water  left  it  through 
the  break  700  ft.  below. 

No  attempt  was  made  to  govern  this  power  plant  by  wheel  gates. 
Tangential  wheels  with  deflecting  nozzles  wei-e  used,  and  these  were 
deflected  by  an  electric  device  similar  to  that  described  in  the  paper. 
It  might  be  added  that  the  water  from  the  deflecting  nozzle  very  quickly 
cut  away  the  solid  granite  bottom  of  the  tail-race;  i)lank  floor  lasted 
less  than  twenty  minutes,  and  boiler  plate  lasted  only  a  few  days.  At 
present  cast-iron  blocks  are  furnished  at  intervals  of  a  few  weeks  each. 
A  unit  of  power  in  this  plant  consists  of  a  500  H.-P.  tangential 
wheel  attached  to  the  same  shaft  as  the  armature  of  a  three-phase 
dynamo.  For  assistance  in  regulation,  there  is  also  a  flywheel  keyed 
to  the  same  shaft.  The  shaft  at  normal  speed  runs  600  revolutions  per 
minute.  The  power  storage  of  the  revolving  parts,  at  normal  speed, 
is  about  9  000  H.-P.  for  one  second  of  time.  This  is  enough  to  insure 
power  for  the  sudden  changes  in  speed,  as  it  will  carry  an  increase  of 
100  H.-P.  nearly  four  seconds  before  the  speed  has  dropped  2  per  cent. 
This  allows  ample  time  for  the  governor  to  shift  the  nozzle  to  a  point 
necessary  to  add  the  increased  power  demanded,  and  prevents  unsatis- 
factory changes  in  speed.  The  governor  is  designed  to  operate  in  con- 
junction with  the  power  storage  of  the  plant. 
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M.    S.   Paekek,  M.   Am.   Soc.    C.   E. — The  manager  of  the  electric  Mr.  Parker, 
station,  referred  to  by  Mr.  Hawks,  evidently  does  not  put  much  faith 
in  the  automatic  governing  of  water-wheels.     His  method  of  govern- 
ing  wheels,  however   antiquated,  is   the   only   illustration   of  wheel 
governing  mentioned  in  the  discussion. 

Theoretically  the  aiithor  agrees  with  Mr.  Smith  and  also  with  Mr. 
Prizell  as  to  the  movement  of  water  in  pipes,  but  in  governing  water- 
wheels,  from  the  exj^erience  of  himself  and  others  with  whom  he  has 
spoken  upon  the  subject,  the  use  of  short  penstocks  where  practicable, 
and  large  vents  where  long  penstocks  are  indispensable,  is  to  be  ad- 
vised. Mr.  Frizell  is  correct  in  his  conclusions  as  to  the  lack  of 
economy  in  the  use  of  water  with  the  throttle  gate,  as  mentioned  in 
connection  with  the  governor  described.  This,  lio\vever,  is  of  little 
importance  in  the  instance  cited.  There  is  little  storage  capacity  for 
impounding  water.  The  daily  flow  of  the  river  represents  the  maxi- 
mum amount  of  power  sold  to  consumers.  In  the  instance  mentioned 
the  company  pays  for  the  maximum  quantity  of  power  used.  Most 
of  the  water  powers  in  the  northwest  are  similar  to  this  in  lack  of 
storage  capacity.  The  problem  to  be  solved  in  the  case  cited  was  the 
governing  of  the  wheels,  and  not  economy  in  the  use  of  water.  The 
water-wheel  manufacturers  fail  to  govern  the  wheel  gates  satisfactorily 
for  variable  loads.  The  equations  given  by  Mr.  Frizell  solve  the  prob- 
lem of  economical  use  of  water,  but  they  do  not  substitute  a  governor 
for  the  gates  of  the  wheels  to  control  the  variable  load  and  realize  the 
economy  mentioned.     Thus  he  gets  back  to  the  original  problem. 

As  a  further  example  of  the  government  of  water  power  under 
variable  loads  the  author  will  give  a  brief  description  of  the  method 
employed  for  the  control  of  a  large  unit  of  power  upon  a  single  shaft. 
The  i^lant  consists  of  a  pair  of  57-in.  cylinder  gate  turbine  wheels 
operating  under  42-ft.  head,  running  two  direct-connected  electric 
generators  carrying  a  load  of  9  000  amperes  at  180  volts.  The  condi- 
tions are  such  that  the  entire  load  may  be  suddenly  removed  from  the 
machines  through  unforeseen  complication  of  circumstances.  To 
avoid  the  disaster  consequent  upon  such  a  condition,  the  following 
system  for  control  of  the  power  is  in  operation:  A  high-speed  engine 
governor,  with  an  electric  connection  similar  to  that  described  in  the 
paper.  Fig.  3,  is  operated  from  the  wheel  shaft.  When  the  shaft  ex- 
ceeds a  certain  speed,  the  governor  acts  automatically,  opening  a 
cock  in  the  draft  tube,  breaking  the  vacuum  and  losing  thereby  16 
ft.  of  head,  acting  at  the  same  time  to  start  a  small  motor  used  for 
opening  and  closing  the  gates.  No  time  is  lost  through  the  attendant 
not  being  near  to  start  the  motor.  The  gate  being  closed,  the  gear  is 
automatically  thrown  out.  Beside  the  foregoing  j^recautions,  a  water 
coil  pipe  is  connected  from  the  head-race  to  the  tail-race.  This  coil 
is  of  sufficient  length  to  carry  oflf  an  electrical  current  equivalent  to 
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Mr.  Parker,  about  800  H. -P.  The  current  is  taken  from  the  main  conductor  in. 
case  of  the  load  being  removed  as  mentioned.  These  combined  pre- 
cautions for  the  control  of  this  large  unit  of  power  under  the  condi- 
tions in  which  it  is  used  appear  from  trial  to  make  the  control 
absolutely  safe. 
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WITH  DISCUSSION. 

This  pajoer  is  a  description  of  a  novel  method  recently  adopted  for 
the  support  of  heavy  buildings. 

The  first  instance  of  which  mention  will  be  made  is  in  connection 
with  the  foundation  work  for  the  Commercial  Cable  Building,  twenty- 
one  stories  high,  at  Broad  and  New  Streets,  New  York  City.  The  lot 
occupied  by  the  new  building  is  45  ft.  wide  on  Broad  Street  and  55  ft. 
on  New  Street,  and  is  160  ft.  in  length. 

The  plan  required  an  unusually  deej)  excavation  which  was  to  con- 
tain two  stories  below  the  level  of  the  street,  the  total  depth  from  the 
sidewalk  to  the  under  side  of  the  concrete  floor  being  30  ft.  on  Broad 
Street  and  36  ft.  on  New  Street. 

The  lower  story  and  a  part  of  the  next,  being  below  the  water  level, 
had  to  be  made  water-tight,  and  in  order  to  obtain  that  result  the  plan 
included,  on  each  side  of  the  lot,  a  continuous  line  of  rectangular 
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caissons  to  be  put  iu  place  by  the  plenum  pneumatic  process.  Otlier 
caissons,  circular  in  form,  were  also  sunk  in  the  central  iJortion  of  the 
lot  for  the  support  of  the  middle  rows  of  columns.  There  are  39 
caissons,  including  those  which  are  rectangular  and  circular. 

All  these  caissons,  the  rectangular  ones  generally  9  x  18  ft.  and  6  x 
14  ft.,  and  the  circular  ones  from  8  ft.  to  9^  ft.  in  diameter,  Avere  sunk 
to  the  underlying  ledge  which  was  found  to  be  from  45  ft.  to  50  ft.  be- 
low the  sidewalk.  Fig.  1  shows  the  arrangement  of  all  the  caissons. 
The  original  soundings  indicated  that  the  surface  of  the  rock  was  at  a 
higher  elevation,  but  actual  excavation  showed  that  it  was  lower  than 
expected,  and  that  an  important  layer  of  hard-pan  from  5  ft.  to  14 
ft.  in  thickness  must  be  gone  through  before  rock  could  be  reached. 

The  contract  for  the  foundations  contained  the  usual  provision 
making  the  contractors  responsible  for  any  damage  to  adjacent  build- 
ings, resulting  from  their  operations.  This  made  it  necessary  to  de- 
vise means  for  supporting  the  buildings,  while  the  depth  to  be  reached 
and  the  necessity  for  economizing  space,  where  so  many  caissons  and 
their  accompanying  cofier-dams  had  to  be  handled,  made  it  important 
that  as  little  room  as  possible  be  occupied  by  the  supports  necessary 
to  maintain  the  surrounding  buildings. 

As  compared  with  other  work  of  the  same  class  heretofore  executed 
in  that  vicinity,  the  problem  of  siipporting  the  adjacent  buildings  was 
uniisually  difficult  in  this  case,  as  the  plans  provided  for  the  placing 
of  the  rectangular  caissons  almost  contiguous  with  one  another  and 
exactly  on  the  boundary  lines  of  the  lot,  an  arrangement  which  had 
not  been  previously  attempted. 

The  attention  of  the  author  had  already  been  called  to  the  fact  that 
considering  the  increasing  height  of  the  buildings  which  are  now 
being  erected  for  business  purposes  on  comjaaratively  small  areas,  a 
limit  would  soon  be  reached  beyond  which  it  woiild  not  be  econom- 
ical, or  even  practicable  or  safe,  to  use  timber  supports,  even  of  such 
special  and  ingenious  design  as  have  been  recently  adoj^ted  for  such 
purposes. 

The  j)eculiar  conditions  under  which  the  work  had  to  be  done  in  this 
case  led  to  the  conclusion  that  it  would  be  desirable  to  resort  to  such 
devices  as  would  leave  the  limited  space  at  hand  entirely  free  from 
interference,  and  open  at  all  times  for  the  free  handling  of  the  pneu- 
matic, hoisting  and  other  plants,  for  the  movement  of  bulky  caissons 
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and  for  placing  tliem  strictly  on  the  boundary  lines  of  the  lot.  This 
latter  result  was  literally  accomplished,  the  rivets  of  the  steel  caissons 
in  their  downward  progress  leaving,  in  many  instances,  their  marks  on 
the  brick  surfaces  of  the  adjacent  walls. 

The  method  followed  consisted  of  placing  vertical  iron  supports 
directly  under  the  walls  to  be  supported  in  the  following  manner: 

After  determining  the  number  of  supports  necessary  for  carry- 
ing the  sujierincumbent  weight,  a  vertical  slit  was  cut  into  the  wall 
from  the  bottom  upward,  for  a  distance  depending  on  local  circum- 
stances, generally  from  10  ft.  to  12  ft. ,  the  slit  being  of  such  a  width  as 
would  amply  accommodate  the  pipe  which  had  been  determined  to  be 
suflScient  in  diameter  for  each  case.  On  the  top  of  that  slit  a  short 
transverse  horizontal  cut  was  made,  in  which  one  or  more  iron  I-beams 
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Fig.  1. 
were  built.  The  iron  column  or  pipe  which  was  to  support  the  wall 
being  divided  into  pieces  of  projser  length,  which  could  be  either 
screwed  together  or  united  by  means  of  bolted  interior  flanges,  the 
first  length  was  placed  on  end  on  the  ground  in  the  slit  of  the  wall. 
Blocking  being  then  placed  on  the  top  of  the  jjipe,  a  jack  was  inserted 
between  the  pipe  and  the  short  I-beams  built  on  the  top  of  the  slit,  and 
either  by  simple  pressure  or  with  the  aid  of  a  water-jet,  the  first  pipe 
was  pushed  down,  by  alternate  jacking  and  blocking,  to  its  full  length. 
Next,  a  second  piece  of  pipe  was  fastened  on  top  of  the  first,  and  the 
sinking  operation  was  resumed  until  another  pipe  could  be  added  to 
the  second,  and  so  on  until  the  pipe  had  reached  bed-rock,  or  such 
other  sujjport  as  was  sufficient. 

The  top  of  the  highest  pipe  was  left  at  about  the  level  of  the   bot- 
tom of  the  wall,  in  which  another  set  of  short  horizontal  I-beams  was 
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built,  reposing  on  the  top  of  the  pipe.  Vertical  beams  or  columns 
were  then  firmly  wedged  between  the  two  sets  of  horizontal  X-heams, 
and  the  slit  in  the  wall  was  filled  up  with  brickwork.  These  vertical 
beams  were  used  to  avoid  the  compression  which  would  otherwise 
occur  in  the  fresh  masonry  built  in  the  vertical  slit. 

Only  one  or  two  supporting  pipes  were,  obviously,  driven  at  a 
time,  in  order  to  avoid  excessive  concentration  of  weight  on  the  other 
parts  of  the  foundation  while  the  pipes  were  being  sunk. 

The  first  trial  of  this  method  was  made  under  the  small  building  at 
the  southwestern  corner  of  the  lot,  it  being  desirable  to  proceed  with 
caution.  This  building  is  only  four  stories  high,  but  its  brick  wall 
was  supported  on  a  stone  foundation  of  the  worst  description,  24  ins. 
thick,  it  being  composed  of  small  stones  without  bond,  laid  in  so-called 
mortar  Avithout  cohesion,  which,  at  many  places,  could  be  easily  blown 
off.  The  importance  of  keeping  the  building  uninjured  was  increased 
by  the  fact  that  a  restaurant  business  was  conducted  in  the  basement, 
and  that  an  interruiition  of  it  would  have  caused  a  serious  pecuniary 
loss  to  the  contractors,  who,  as  before  stated,  were  held  responsible 
for  the  proper  maintenance  of  the  adjoining  buildings. 

Considering  that  the  distance  of  the  bottom  of  the  foundation 
wall  of  that  biiilding  was  33  ft.  from  the  hard-pan  on  which  the  sup- 
porting pipes  were  carried,  and  23  ft.  from  the  bottom  of  the  cellar 
excavation  intended  for  the  new  structure,  the  case  required  careful 
handling.  Notwithstanding  the  small  weight  of  the  building,  nine 
pipes  were  used  on  a  total  length  of  57  ft.  They  are  heavy  steam  pipes 
10  ins.  in  diameter,  §  in.  thick,  having  a  cross-section  of  12  sq.  ins., 
and  weighing  about  40  lbs.  per  lineal  foot.  They  were  sunk  in  lengths 
of  5  ft.,  connected  together  with  outside  couplings  and  butt  joints. 
Every  alternate  pipe  contained  a  smaller  interior  one,  placed  so  as  to 
break  joints,  the  annular  space  between  them  being  filled  with  Port- 
land cement  grout.  All  the  pipes  were  ultimately  filled  with  Portland 
cement  concrete.  Each  i^ipe  was  driven  into  the  hard-j^an  to  a  firm 
bearing  by  working  the  jack  to  its  full  capacity  of  60  tons,  which  is 
more  than  the  weight  that  each  pipe  has  to  carry.  No  movement  of 
any  kind  occurred  during  or  after  the  sinking  of  the  pipes. 

The  success  attending  this  preliminary  operation  led  to  the  adop- 
tion of  the  same  method  for  the  support  of  the  buildings  on  the  north 
side,  the  Western  Union  and  Stock  Exchange  Buildings,  with  such 
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modifications  and  improvements  as  were  rendered  necessary  by  the 
greater  weights  of  these  structures,  the  Western  Union  Building  being 
seven  stories  high  and  the  other  less. 

The  Western  Union  Building  is  built  on  piles  extending  aboiit  17  ft. 
below  the  base  of  the  walls,  the  points  of  the  piles  being  consequently 
a  few  feet  above  the  bottom  of  the  new  excavation.  Nine  pipes  were 
sunk  to  supi^ort  it.  In  this  case  it  was  found  desirable  to  extend  the 
supporting  pipes  to  the  rock  bottom,  thus  making  it  necessary  to 
force  them  through  many  feet  of  hard-pan,  which  could  not  be  dis- 
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placed  by  jet  and  in  which  boulders  might  be  found  in  the  path  of 
the  pipes.  In  order  to  overcome  these  difficulties  and  to  render  it 
possible  to  level  up  the  rock  bottom  on  which  the  pipes  were  to  rest, 
the  pipes  were  made  of  cast  iron,  28  ins.  in  interior  diameter.  This 
size  made  it  practicable  to  send  a  man  down  for  the  purpose  of  excavat- 
ing the  hard-pan  by  hand  in  and  under  the  edge  of  the  jjipe,  of  pre- 
paring intei-vening  boulders  for  blasting,  and  of  preparing  the  rock 
bottom  when  unsound  or  sloping  and  firmly  wedging  the  bottom  of 
the  pipe  thereon.     Those  operations,  owing  to  the  presence  of  water 
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in  the  ground,  had  to  be  carried  on  in  compressed  air,  a  portable  and 
easily  connected  air-lock  being  provided  for  the  purpose. 

One  of  the  lower  pipes  having  been  injured  by  forcing  it  down  past 
a  large  boulder,  the  rest  were  subsequently  made  of  riveted  steel 
plates.  Although  boulders  were  encountered  and  blasted,  and,  in 
several  instances,  piles  had  to  be  extracted  on  account  of  their  pro- 
jecting into  the  lot  of  the  new  building,  no  serious  difficulty  was  found 
in  preparing  for  and  sinking  all  the  pipes,  which  were  afterwards  filled 
with  concrete.  Generally,  two  men,  alternately  jacking  and  blocking, 
were  sufficient  to  drive  the  pipes,  when  once  placed.  No  movement 
occurred  in  the  Western  Union  Building. 

The  foundation  of  the  Stock  Exchange  was  similarly  treated,  six 
supporting  pijjes  being  used  on  a  total  length  of  68  ft. 

The  next  application  of  the  same  method  was  at  the  northwest 
corner  of  Cedar  and  William  Streets  for  the  supjiort  of  the  Stokes 
Building,  a  heavy  structure,  11  stories  high,  pending  the  preparation 
of  the  adjoining  foundation  for  the  Queen's  Insurance  Building. 

The  Queen's  Insurance  Building  is  supported  on  pile  foundations 
carrying  grillages  of  steel  beams  which  support  the  columns.  The 
piles  were  cut  off  1  ft.  below  the  natural  water  level  at  the  site,  or  about 
18  ft.  below  the  street  level.  The  earth  was  excavated  1  ft.  below  the 
cut-off,  and  the  concrete  floor,  4  ft.  thick,  laid  over  the  entire  site. 

The  material  at  the  site  is  of  the  same  general  character  as  often 
found  elsewhere  in  the  lower  part  of  New  York  City,  being  quicksand 
underlaid  by  hard-pan  and  bed-rock.  The  preliminary  borings  in- 
dicated the  existence  of  bed-rock  30  ft.  below  floor  level. 

The  foundations  of  the  Stokes  Building  are  spread  on  the  surface 
of  the  sand  without  supporting  piles,  and  are  estimated  to  carry  45 
tons  i^er  lineal  foot  of  wall.  Unfortunately,  when  this  building  was 
constructed,  the  base  of  the  foundation  was  placed  aboiit  2  ft.  above 
the  cellar  floor  of  the  adjoining  building,  now  removed  to  make  room 
for  the  construction  of  the  Queen's  Building  (see  Fig.  5).  It  was  be- 
lieved that  the  concussion  of  driving  piles  for  the  foundation  of  the 
Queen's  Insurance  Building  would  cause  a  flow  of  quicksand  from 
underneath  the  wall  of  the  Stokes  Building,  and  consequently  damage 
the  structure. 

The  columns  for  sujJiJorting  the  Stokes  Building  are  of  cast  iron, 
33  ins.  in  exterior  diameter  and  1  ^  ins.  thick.    When  the  work  of  placing 
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them  was  taken  in  hand,  it  was  found  that  the  borings  were  mislead- 
ing, and  the  material  suj^posed  to  be  bed-rock  proved  to  be  firm  hard- 
pan  of  considerable  depth,  in  fact  the  first  column  was  driven  into  it  a 
distance  of  16  ft.  without  finding  any  indication  of  rock.  To  persist 
in  the  attempt  to  reach  bed-rock  would  have  entailed  an  expenditure 
of  a  large  amount  of  time  and  money  without  commensurate  results, 
and  it  was  decided  to  found  the  pipes  on  hard-pan.  This  material,  be- 
ing very  compact,  is  capable  of  carrying  a  great  load,  especially  at  a 
considerable  depth  below  the  surface;  however,  as  its  limit  of  bearing 
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capacity  is  unknown,  it  was  thought  prudent  to  enlarge  the  base  of 
the  column  by  excavating  outside  the  cutting  edge  and  i^lacing  an 
annular  steel  ring  on  which  the  cutting  edge  was  to  rest.  This  ring, 
which  extended  3  ins.  outside  the  column  and  4  ins.  inside,  was  in 
sections  and  was  comj^osed  of  plates  1^  ins.  in  thickness. 

The  number  of  cylinders  was  not  increased  on  account  of  the  change 
in  the  foundation,  and  the  pressure  on  the  enlarged  base,  without  de- 
duction for  friction  on  the  sides  of  the  columns,  was  in  the  neighbor- 
hood of  40  tons  per  square  foot,  which  is,  of  course,  much  greater  than 
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would  be  placed  on  masonry  of  the  best  character  above  ground. 
With  due  allowance  for  friction  on  the  sides  of  the  columns,  the  net 
load  is  supposed  to  be  about  36  tons  per  square  foot.  Both  these 
figures  are  doubtless  in  excess  of  the  actual  load,  as  the  old  founda- 
tion continues  to  bear  some  indeterminate  part  of  the  weight  it 
formerly  carried. 

This  work,  including  seven  columns  33  ins.  in  diameter,  was  com- 
pleted in  seven  weeks,  without  mishap  of  any  kind,  and  the  numerous 
piles  for  the  new  building  were  subsequently  driven  without  injury  to 
the  Stokes  Building. 

Another  high  building,  at  the  northwest  corner  of  Wall  and  Nassau 
Streets,  was  also  supported  by  similar  means,  the  columns  in  that 
case  being  thirteen  in  number  and  made  of  lap-welded  steel  pipes 
I  in.  in  thickness  and  16  ins.  in  diameter.  This  work  was,  it  is 
reported,  carried  through  successfully. 

Eeferring  to  the  illustrations  (Fig.  1)  gives  the  plan  of  the  Broad 
Street  foundation,  showing  the  position  of  the  39  caissons  and  of  all 
the  pipes  sunk  under  the  walls  of  the  adjoining  buildings.  Fig.  2  is 
a  cross-section  at  a  point  where  the  lot  widens.  Fig.  3  shows  the 
elevation  of  the  rock  bottom,  the  depth  of  hard-j^an,  and  the  position 
of  all  the  supporting  pipes.  Fig  4  is  a  section  of  the  supporting  wall 
at  one  of  the  columns  under  the  Western  Union  Building.  Fig.  5  is 
a  section  of  the  wall  of  the  Stokes  Building,  showing  one  of  the  sup- 
porting columns.  Plate  I  is  a  view  of  the  south  wall  of  the 
Western  Union  Building,  showing  various  i^hases  of  the  operations 
for  placing  the  supporting  columns.  Beginning  at  the  right,  the  first, 
fifth  and  seventh  columns  are  in  place,  and  the  operation  comjileted. 
For  the  second  and  fourth,  the  cutting  of  the  vertical  slit  is  being 
made,  close  drilling  being  resorted  to  in  this  case,  owing  to  the  great 
hardness  of  the  brickwork.  At  the  third  column  the  two  sets  of  hori- 
zontal beams  are  in  place,  leaving  only  the  vertical  cut  to  be  filled. 
The  sixth  column  carries  the  air-lock  while  it  is  being  sunk  into 
the  hard-j^an. 

Although  the  author  does  not  wish  it  to  be  understood  that  the 
method  above  described  is  recommended  as  of  universal  application, 
he  believes  that  in  many  cases,  especially  when  the  weights  to  be  car- 
ried are  great,  and  when  the  character  of  the  ground  is  such  that  it  be- 
comes desirable  to  transfer  the  weight  of  the  building  to  a  deeper  and 
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harder  foundation,  tlie  new  method  is  safer  than  those  heretofore  used 
and  that  it  gives  security  economically.  It  has  the  advantage  of  leav- 
ing the  ground  which  is  to  be  built  upon  free  from  obstructions, 
thus  ijreventing  the  costly  and  risky  practice  frequently  resorted  to  of 
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shifting  the  artificial  supports  during  construction.  The  absence  of 
interference  with  the  inside  of  the  adjoining  buildings  would  often  be 
a  suflScient  incentive  to  the  adoption  of  this  method;  a  lasting  benefit 
can  also  be  secured  from  the  fact  that  the  adjoining  buildings  remain 
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rigidly  supported,  thereby  avoiding  the  usual,  although  often  small, 

movements  which  follow  the  removal  of  the  artificial    supports  used 

during  the  jjeriod  of  construction.     Although  other  applications  of 

the  method  may   obviously  present  themselves  in  the  general  field 

of  construction,  the  author  prefers  to  leave  others  to  draw  their  own 

conclusions,  his  object  being  only  to  describe  the  work  done.* 

The  architects  and  consulting  engineer  for  the  Commercial  Cable 

Company  and  Queen's  Insurance  Buildings  were  Messrs.  Geo.  Edward 

Harding  &  Gooch  and  John  Bogart,  M.  Am.  Soc.  C.  E. ,  respectively. 

The  contractors  for  the  foundations  were  Messrs.  Arthur  McMullen  & 

Co. ,  of  which  firm  the  author  is  a  member.     In  the  execution  of  the 

work,  the  use  of  underpinning  columns  was  devised  by  the  author. 

The  services  of  John  F.  O'Rourke,  M.  Am.  Soc.  C.  E.,  were  secured 

in  the  preparation   of  the   jireliminary  plans  and  estimates  for   the 

Commercial  Cable  Building  work,  and  the  services  of  Alfred  Noble 

and  T.  Kennard  Thomson,  Members  Am.  Soc.  C.  E.,  and  Mr.  Byron 

Goldsboro,  superintendent,  were  secured  for  the  operations  on   the 

Commercial  Cable  and  Queen's  Insurance  Buildings. 

*  It  has  been  thought  unadvisable  to  burden  this  paper  with  too  many  details  of  con- 
Btruction,  but  if  further  information  is  desired,  a  detailed  description  of  the  foundations  of 
the  Queen's  Insurance  Building  will  be  found  in  the  Engineering  Record  of  August  8th,  1396. 
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Thomas  Curtis  Clarke,  Past-President  Am.  Soc.  C.  E. — The  paper  Mr.  Clarke, 
lays  before  the  Society  the  development  or  evolution  of  a  new  branch 
of  civil  engineering.  The  shoring  of  buildings  because  of  excavations 
made  beside  them  is  a  very  old  process,  familiar  to  all  engineers,  but 
the  depth  of  foundations  and  the  want  of  room  incident  to  the  con- 
struction of  modern  lofty  office  buildings  are  such  that  the  a^^thor 
found  it  necessary  to  introduce  entirely  different  methods  in  such 

BUILDING  LINE 

O 


VERTICAL  SECTION  Z-Z. 
Fig.  6. 


FACE  OF  CELLAR  WrtLL"" 

PLAN  AT  X-X. 
Fig.  r. 

work,  changing  it  from  a  mechanical  craft  to  civil  engineering.     He 
made  it  scientific  construction,  which  is  civil  engineering. 

Frank  W.  Skinner,  M.  Am.  Soc.  C.  E. — While  the  engineer  who  Mr.  Skinner. 
follows  a  successful  precedent  may  be  entitled  to  great  credit  for  able 
construction  and  for  accomplishing  a  difficult  undertaking  safely,  he  who 
establishes  his  own  precedent,  and  that  under  particularly  difficult 
circumstances,  is  certainly  entitled  to  the  greatest  credit  that  can  be 
awarded  to  an  engineer  for  his  construction.  The  author's  method  of 
underpinning  foundations  marks  a  new  era  in  the  very  difficult  work 
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Mr.  Skinner,  which  has  become  promineat  Avithin  the  last  decade,  and  bids  fair  to 
be  one  of  the  important  factors,  if  not  the  leading  factor,  of  future 
construction  in  steel  work.  In  the  important  engineering  work  con- 
nected with  the  foundations  described  in  the  paper,  there  were  many 
features  of  interest  which  were  not  mentioned  by  the  author.  One 
problem  submitted  to  the  contractors  was  the  construction  of  a  large 
entirely  water-proof  cellar  more  than  15  ft.  below  the  ground-water 
level.  The  rectangular  caissons  along  the  sides  of  the  lot  were  ex- 
tended above  the  water  line  by  iron  coflfer-dams,  set  so  close  together  as 
to  form  long  side  walls,  and  subsequently  filled  with  concrete.  They 
could  not  be  sunk  in  contact,  and  a  6-in.  space  was  left  between  adja- 
cent caissons,  which  had  to  be  temporarily  calked  in  some  way.     It  was 
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determined  to  do  this  by  means  of  clay  puddle  forced  into  place  by 
the  stock-ramming  jjrocess.  A  3-iu.  pipe  35  ft.  long  was  sunk  at  three 
successive  points  in  one  of  the  spaces  by  means  of  a  water-jet  furnished 
by  a  li-in.  pipe  ending  in  a  \-\n.  nozzle  lowered  inside  the  larger  pipe. 
When  the  latter  was  sunk  into  place,  the  inner  pipe  was  removed,  and 
the  larger  one  filled  with  cylinders  of  kneaded  clay  cut  by  means  of  a 
special  tool.  When  the  pipe  was  full,  the  clay  was  forced  out  by  a 
2j-in.  ram  driven  down  by  the  hammer  of  a  i^ilo-driver.  After  the  pipe 
had  been  tilled  three  or  four  times,  the  ram  had  to  be  tapped  a  little 
in  order  to  make  it  sink  under  the  weight  of  the  hammer.  In  this  way 
from  3  to  5  cu.  yds.  of  clay  was  inserted  in  each  space.  The  pressure 
produced   was  so  great  as  to  shear  the   bolts   in   a   number  of    the 
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flange  splices  of  the   removable    end  plates,  P  P,  of  the  coffer-dams  Mr.  sk-inner. 
(Figs.  6  and  7). 

The  manner  of  removing  the  debris  from  the  bottom  of  the  10-in. 
pipes  shown  in  Fig.  1,  after  the  hydraulic  jet  had  been  used,  was  in- 
teresting. A  long  piece  of  gas  pipe  had  attached  to  one  end  a  sheet- 
iron  cylinder  which  was  provided  on  its  bottom  with  inclined  radial 
cutting  edges  like  those  of  an  auger.  This  was  twisted  into  the 
material  until  full,  and  then  lifted  to  the  surface  and  its  contents  re- 
moved. When  the  pipe  was  cleaned  out  it  was  filled  with  concrete, 
the  bottom  6  ft.  being  placed  under  water. 


It  has  been  mentioned  that  one  of  the  advantages  of  the  author's 
method  of  underpinning  is  the  trifling  obstruction  it  ofifers  to  the 
progress  of  work  and  the  slight  injury  it  causes  to  adjoining  buildings. 
This  is  well  shown  by  comparing  it  with  one  of  the  most  ingenious  ex- 
pedients of  the  old  method  of  shoring,  which  is  illustrated  in  Fig.  8. 
In  the  construction  of  the  foundations  of  a  high  office  building  in  New 
York  City,  it  was  necessary  to  utilize  all  the  site  for  conducting  the 
operations  on  the  new  structure,  and,  indeed,  a  deck  was  built  over  it  so 
as  to  gain  additional  working  room.  An  L-shaped  building  bordered 
two  sides  of  the  site,  and  its  walls  had  to  be  supported  during  the 
construction   of   the   new   foundations.     A  series    of    holes  were  cut 
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Mr.  Skinner,  through  the  wall  just  above  the  level  of  the  basement,  and  built-up 
needle  beams  were  inserted  through  them.  These  beams  were  formed 
of  12  X  12-in.  timbers  arranged  as  shown.  The  ends  inside  the  base- 
ment were  supported  on  distributing  jjiers  of  cribwork,  while  the  other 
ends  were  carried  by  a  bearing  beam  hung  from  the  bottom  chord  of  a 
wooden  truss.  Each  end  of  the  truss  was  supported  on  heavier  com- 
posite needle  beams,  which  rested  on  cribwork  at  one  end  and  at  the 
other  on  blocking  and  jackscrews  carried  by  piles,  as  shown  in  the  cut. 
The  rods  by  which  the  bearing  beam  was  hung  from  the  truss  were 
provided  with  nuts  which  permitted  some  adjustment  of  the  needle 
beams  to  be  made.  The  truss  was  flush  against  the  wall  and  i)rojected 
from  it  perhaps  18  or  20  ins. 


Fig.  10. 

Eventually  the  ci'ibwork  at  the  outer  ends  of  the  end  beams  was  re- 
placed by  small  groujis  of  j^iles  which  occupied  very  little  of  the  ground 
space  and  left  all  that  i:)ortion  between  them  entirely  unobstructed. 

In  the  construction  of  the  Stock  Exchange  Building  in  Chicago  it 
was  feared  the  excavation  would  injure  the  wall  of  an  adjacent  build- 
ing, so  it  was  underpinned  in  an  unique  manner  by  carrying  down  a 
series  of  intermediate  piers  from  the  wall  to  the  hard  stratum  below. 
Cylindrical  steel  drums  5  ft.  in  diameter  and  about  as  high  were  set  in 
cavities  below  the  wall,  and  the  enclosed  earth  removed.  Short  sheet 
piles  were  then  driven  under  the  bottom  edge  of  the  cylinder  and  the 
earth  within  this  piling  excavated  nearly  to  its  foot.     Then  a  heavy 
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steel  ring  was  set  horizontally  and  another  set  of  sheet  piling  driven  Mr.  Skinner. 
between  it  and  the  first,  as  shown  in  Fig.  9.     The  earth  within  this  set 
was  excavated  and  the  process  continued  until  a  well  about  40  ft.  deep 
was  sunk  to  the  hard  bottom.      The  well  was  finally  enlarged  and 
filled  with  concrete. 

The  method  adopted  to  reinforce  a  long  wall  in  Calcutta,  India, 
affords  another  example  of  interesting  foundation  work.  The  High 
Court  Building  in  that  city  has  a  front  wall  379  ft.  long  and  a  tower  of 
45  ft.  wide,  and  probably  above  90  ft.  high.  It  was  built  on  the  allu- 
vial soil  of  that  locality,  and  after  twenty -five  years  was  found  to  have 
settled  unequally,  the  sinking  amounting  to  more  than  9  ins.  under 
the  tower,  which  was  thrown  out  11 J  ins.  at  one  j^lace  87  ft.  above  the 
ground.  The  face  wall  had  also  settled  and  inclined  irregularly,  but  not 
to  such  an  extent  as  the  tower.  Trenches  or  pits  about  8  ft.  wide  and 
22  ft.  long  were  opened  in  front  of  the  tower  and  wall,  and  carried 
down  to  the  bottom  of  the  concrete  footing,  which  is  about  13  ft.  wide. 
The  pit  was  sheet-piled  and  a  timber  platform  built  at  a  suitable  level 
and  very  carefully  made  horizontal.  A  4-in.  auger  was  then  driven 
horizontally  below  the  footing  to  determine  the  form  of  its  lower  sur- 
face, of  which  no  plans  existed.  It  was  found  to  be  irregialar,  and 
many  of  these  horizontal  soundings  had  to  be  made  to  obtain  the  de- 
sired data.  When  this  work  was  completed,  the  pit  was  excavated  still 
deeper  and  a  second  horizontal  platform  was  laid  below  the  first  on 
carefully  leveled  stringers.  When  this  was  finished,  10  x  10-in.  piles, 
14i  ft.  long,  were  driven  hoi'izontally  by  80-ton  hydraulic  jacks  in  the 
manner  shown  in  Fig.  10.  When  a  continuous  row  of  these  jjiles  had 
been  forced  under  the  entire  surface  of  the  concrete  footing  exposed 
in  the  pit,  a  second  continuous  row  was  driven  immediately  below  it. 
The  piles  of  the  first  row  projected  about  18  ins.  beyond  the  concrete 
footing,  and  those  of  the  second  row  jn-ojected  18  ins.  more,  so  that 
the  two  rows  had  the  efi'ect  of  widening  the  foundation  of  the  wall 
about  3  ft.  After  this  work  was  finished  in  one  pit  it  was  filled  with 
earth  and  tamped,  and  another  j^it  opened  immediately  adjoining  it, 
the  work  being  continued  until  the  entire  front  of  the  wall  and  tower 
was  underpinned.  About  five  months  were  sj)ent  in  the  work  on  the 
45-ft.  base  of  the  tower  and  eight  months  in  that  on  the  380-ft.  wall. 
The  oj^erations  were  intended  to  arrest  the  inclining  of  the  wall  and 
were  manifestly  powerless  to  straighten  it. 

The  simplicity,  economy  and  perfected  directness  and  efficiency  of 
the  author's  method  is  emphasized  by  comparison  with  an  elaborate 
system  employed  by  English  engineers  to  arrest  the  settlement  and 
partially  restore  the  displaced  walls  of  the  Yarmouth  City  Hall.  Here 
forty-four  cast-iron  cylinders  in  externally  flanged  sections  were  sunk 
on  both  sides  of  about  300  lin.  ft.  of  wall,  and  a  row  of  longitudinal 
iron  girders  was  set  on  top  of  the   cylinders,  parallel  to  the  wall,  on 
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Mr.  Skinner,  each  side.  Numerous  transverse  beams  16  ins.  deep  were  then  put 
across  the  wall  under  its  footing  and  screwed  up  to  the  longitudinal 
girders  at  each  end  by  2-in.  suspender  rods.  Some  rectification  of  the 
wall  Avas  accomplished  by  adjusting  the  screws,  and  a  suitable  trench 
having  been  dug,  a  new  concrete  footing  was  made  to  enclose  the 
beams  and  girders  and  widen  the  base.  The  cylinders  were  22 J  ft. 
long,  1|  ins.  thick,  and  30,  36,  54  and  60  ins.  in  diameter,  according  to 
the  weight  of  the  adjacent  wall;  all  of  them  were  filled  with  concrete. 
The  work  was  accomplished  in  twelve  months  at  a  cost  of  $41  000. 
Mr.  Bogart.  JoHN  BoGABT,  M.  Am.  Soc.  C.  E.  -A  few  more  words  may  be  added 
to  the  author's  statement  that  the  contractors  were  responsible  for  any 
damage  to  adjacent  buildings,  resulting  from  their  operations.  The 
law  requires  the  owners  of  a  new  building  to  take  care  of  existing  ad- 
jacent buildings,  provided  only  that  the  foundations  of  these  buildings 
are  at  a  certain  depth  below  the  curb.  Under  these  cii'cumstances  it 
was  deemed  proper  that  the  contractors  for  the  foundations  of  the  new 
building  should  do  whatever  might  be  necessary  to  take  care  of  the 
adjacent  structures,  and  they  were  therefore  requested  to  assume  that 
care  and  responsibility,  including  in  their  tenders  a  sufficient  sum  to 
pay  for  such  service. 

The  author  shows  in  Fig.  5  a  section  of  the  foundation  of  the 
Stokes  Building,  which  is  so  built  that  the  line  of  j^ressiire  of  the  wall 
on  the  concrete  is  not  centered,  and  consequently  prodixces  tension  in 
the  base,  evidence  of  which  was  detected  during  the  progress  of  the 
work.  This  base  had  its  bottom  over  2  ft.  above  the  floor  of  the  cellar 
of  the  old  adjacent  building  and  was  founded  on  sand.  The  water 
level  was  at,  or  a  few  inches  below,  the  floor  of  the  cellar  of  the  latter, 
and  nothing  kept  the  sand  from  running  except  a  small  brick  wall, 
part  of  which  was  merely  the  wall  of  an  area. 

The  experience  gained  during  the  progress  of  the  work  described 
in  the  paper  proves  that  when  cylinders  are  used  to  support  structures 
of  any  size  where  work  is  to  be  done  immediately  adjacent  to  them, 
these  cylinders  shoiald  be  large  enough  in  interior  diameter  for  reason- 
ably comfortable  access,  both  for  working  and  for  careful  examination. 
All  the  cylinders  in  the  work  described  were  examined  frequently  dur- 
ing their  sinking  by  an  engineer,  who  went  in  each  instance  to  the 
bottom  of  the  cylinder.  Borings  had  been  made  in  adjoining  cellars 
as  near  to  the  proposed  location  of  the  cylinders  as  possible,  but  their 
indications  were  misleading.  As  a  matter  of  fact  the  original  scheme 
for  the  foundations  of  the  very  heavy  Queen's  Insurance  Building  had 
to  be  changed  on  account  of  discoveries  made  during  the  sinking  of 
the  cylinders,  which  showed  that  the  conditions  were  difi'erent  from 
what  were  ajjparently  indicated  by  the  borings.  Another  reason  mak- 
ing it  important  for  an  engineer  to  be  able  to  examine  the  work  is  the 
fact  that  the  reports  of  men  laboring  in  such  small  cylinders  under 
fairly  heavy  air  pressure  are  not  always  reliable  as  to  the  character  of 
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the  ground  at  the  bottom.  Solid  hard-i>an  was  several  times  rei:)orted,  Mr.  Bogart. 
but  when  an  engineer  made  an  examination,  his  bar  went  through  the 
hard  pan  and  was  nearly  lost.  In  another  case  when  solid  rock  was 
reported,  it  turned  out  to  be  a  boulder  of  moderate  size  which  was 
broken  up  and  taken  out,  the  cylinder  afterwards  being  pushed 
much  farther  down. 

This  method  of  transferring  the  weights  of  structures  to  rock  or 
other  reliable  bearing,  even  when  such  bearing  exists  only  at  a  con- 
siderable depth,  has  greatly  lessened  the  difficulties  and  dangers  con- 
nected with  the  erection  of  heavy  buildings  adjacent  to  other  structures 
whose  foundations  are  unsatisfactory  and  not  to  be  depended  upon 
when  deep  excavations  must  be  made  in  their  immediate  vicinity. 

Henry  B.  Seaman,  M.  Am.  Soc.  C.  E.— It  has  been  stated  that  there  Mr.  Seaman. 
was  evidence  of  tension  in  one  of  the  old  foundations  exposed  during 
the  progress  of  the  work.  It  should  be  explained  of  what  this  evidence 
consisted,  whether  it  was  the  presence  of  cracks,  or  merely  the  fact 
that  the  line  of  pressure  did  not  fall  within  the  inner  third  of  the 
foundation.  The  latter  condition  is  usually  assumed  to  produce  ten- 
sion, and  may  be  very  generally  found  in  retaining  walls,  but  no  tension 
exists,  nor  can  exist,  without  a  tie.  So  long  as  the  distance  from  the 
line  of  pressure  to  the  near  side  of  foundation  is  sufficient  to  with- 
stand one-half  the  load,  without  settlement,  there  will  be  no  tension, 
nor  even  cracks,  in  the  foundation. 

John  F.  O'Roueke,  M.  Am.  Soc.  C.  E. — The  author  calls  attention  Mr.  ORourke. 
to  the  very  heavy  weights  that  can  be  borne  by  hard-pan,  a  fact  proved 
by  expeiiments  made  while  underpinning  the  walls  of  a  building  in 
New  York  City  m  the  manner  described  in  the  i^aj^er.  The  pipes  had 
a  cross-section  of  about  20  sq.  ins.,  and  were  provided  at  the  bottfm 
with  a  reinforcing  ring  which  gave  the  bottom  of  the  pipe  a  section  of 
about  50  sq.  ins.  After  the  hard-pan  was  reached,  the  pipes  were 
cleaned  out  by  means  of  a  water-jet  and  then  subjected  to  heavy  press- 
ure by  means  of  a  hydraulic  ram.  They  were  somewhat  over  40  ft. 
long,  and  under  the  j^ressure  of  the  ram  were  shortened  about  i  in., 
springing  back  to  their  original  position  when  the  pressure  was  re- 
moved. The  fact  that  the  top  of  the  pijie  returned  to  its  original  level 
showed  the  compression  to  be  in  the  metal  and  not  the  hard-jsan. 

Charles  E.  Emeky,  M.  Am.  Soc.  C.  E.— The  removal  of  parts  of  Mr.  Emery. 
foundations  has  been  jiracticed  before  the  work  described  in  the  paper, 
the  underpinning  of  the  Washington  Monument  being  an  instance,  but 
the  latter  undertaking  was  carried  on  above  the  level  of  ground  water, 
and  did  not  present  the  difficulties  inherent  to  going  below  water  and 
working  in  a  cramped  position.  The  author's  simple  and  eflfective 
methods  are  very  different  from  those  in  vogue  only  a  few  years  ago. 
"When  the  New  York  Steam  Company's  building  was  erected  by  the 
speaker,  he  could  not  obtain  permission  to  pile,  and  was  forced  to  rest 
the  structure  on  sand.     One  side  of  the  company's  building  was  on 
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Mr.  Emery,  good  sand,  aud  the  foundations  presented  few  difficulties.  On  the 
other  side  the  sard  was  flue  and  moved  easily  when  wet.  At  such 
points  the  company  bought  the  abutting  property  with  the  exception 
of  one  building,  which  had  been  secured  by  a  speculator  and  an  exor- 
bitant sum  charged  for  it.  The  tenant  of  the  basement  was  persuaded, 
however,  to  allow  work  to  proceed  on  his  part  of  the  jaremises,  and  a 
suitable  foundation  was  finally  built,  which  carried  both  buildings. 
The  excavation  was  extended  without  jjumiaing  a  few  feet  below  the 
water  line,  and  the  concrete  was  deposited  under  water  very  carefully. 
Since  gaining  that  experience,  the  speaker  has  had  considerable  faith 
in  a  good  concrete  foundation  well  down  into  the  sand,  for,  although 
this  building  settled  somewhat,  a  few  vertical  cracks  near  the  tops  of 
the  walls  relieved  the  inequality  of  the  strains,  and  no  further  settle- 
ment took  place.  In  one  of  the  large  office  buildings  which  was  being 
constructed  at  the  same  time  on  a  pile  foundation  in  similar  material 
a  number  of  the  main  columns  sank,  carrying  the  piles  down  with  them, 
and  it  became  necessary  to  relieve  the  load  and  put  in  extra  columns 
and  inverts  to  distribute  the  weights  over  a  larger  number  of  piles. 

The  pressure  per  square  foot  on  the  sand  foundation  which  sank 
was  approximately  3^  tons  per  square  foot.  An  attempt  was  made  to 
reduce  the  load  to  3  tons  per  sqiiare  foot,  but  it  was  imjjracticable  to 
rack  out  sufficiently  to  accomplish  it.  The  final  weights  were  to  have 
been  4.4  tons  per  square  foot  under  the  columns,  4.25  tons  per  square 
foot  under  the  chimney,  and  4.2  tons  under  the  side  walls,  but  the 
building  has  never  been  carried  to  its  full  height,  so  that  the  actual 
loads  do  not  exceed  3^  tons  per  square  foot  at  the  locations  stated. 
The  calculated  jjressure  on  the  soil  under  the  front  wall  was  only  3 
tofis,  which  was  rather  a  disadvantage  than  otherwise,  as  that  did  not 
sink  as  much  as  the  other  walls  and  caused  a  crack  through  the  cen- 
tral arches.  H.  W.  Brinckerhoflf,  M.  Am.  Soc.  0.  E. ,  who  was  in  im- 
mediate charge  of  the  work,  thinks  that  if  the  inverts  at  some  open- 
ings in  the  front  had  been  left  out,  the  settlement  would  have  been 
pretty  nearly  uniform. 

In  erecting  a  power  station  at  Fifty-eighth  Street  and  Madison 
Avenue,  in  New  York  City,  it  was  necessary  to  build  the  structure  on 
the  site  of  an  old  watercourse  known  to  be  filled  with  quicksand  and 
mud  overlaid  by  14  to  16  ft.  fill  of  good  earth  well  compacted  after  a 
sei'ies  of  years.  The  building  was  a  temporary  one,  so  the  fill  was 
partly  excavated  and  the  building  founded  on  the  remaining  solid 
earth  at  a  depth  of  about  10  ft.  below  the  curb,  the  base  of  the  chim- 
ney being  carried  lower  and  supported  on  piles  driven  as  close  as  pos- 
sible. The  building  has  four  stories  and  a  basement,  and  although 
but  5  or  6  ft.  of  filled  material  separates  it  from  the  mud  and  quick- 
sand, it  has  never  required  bracing,  and  a  crack  developed  at  one  rear 
corner  only,  which  relieved  the  strain  due  to  a  want  of  uniformity  in 
settling.     The  chimney  has  not  moved  and  the  station  is  in  good  order. 
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CORRESPONDENCE. 

Alfred  Noble,  M.  Am.  Soc.  C.  E. — The  writer's  connection  with  the  Mr.  Noble. 
work  described  in  the  paper  was  at  first  as  consulting  engineer  to  ad- 
vise as  to  the  method  of  siij^porting  buildings  proposed  by  the  author 
and  to  outline  the  detail  plans,  and  afterward  as  sujiei'intending 
engineer  to  see  the  work  carried  out.  The  method  appearing  per- 
fectly feasible,  the  next  question  was  as  to  the  size  of  the  supporting 
columns  and  the  manner  of  securing  a  proper  foundation  for  them.  It 
was  svxpposed  that  bed-rock  would  be  found  about  35  ft.  below  the 
foundations  of  the  adjoining  buildings  with  the  probability  of  a  thin 
layer  of  overlying  hard-jian.  There  was  good  reason  to  suppose  that 
the  surface  of  the  rock  would  be  quite  uneven. 

It  was  at  once  recognized  that  where  heavy  weights  were  to  be  car- 
ried, facilities  must  be  given  for  laying  bare  and  leveling  the  surface  of 
the  bed-rock  so  that  a  fair,  square  bearing  could  be  secured  for  the 
column.  This  necessitated  the  use  of  compressed  air  in  prejiaring  the 
foundation,  and  fixed  the  minimum  inside  diameter  of  the  column  as 
that  in  which  a  man  could  work;  for  the  Western  Union  and  Stock  Ex- 
change Buildings  this  was  taken  28  ins.,  giving,  Avith  a  thickness  of  1  in. 
of  metal,  an  exterior  diameter  of  30  ins.  It  was  inconvenient  to  work 
in  so  small  a  cylinder  under  compressed  air,  and  progress  was  slow;  but 
the  use  of  compressed  air  was  generally  unnecessary  until  hard-pan 
was  actually  reached,  it  being  found  j^racticable  to  remove  nearly  all 
of  the  quicksand  by  working  a  jet  continuously  while  jacking  down 
the  cylinders,  the  quicksand  passing  off  with  the  overflow. 

After  pushing  the  cylinder  down  to  its  final  bearing  on  the  leveled 
surface  of  the  rock,  a  man  was  again  sent  inside,  and  drove  steel  wedges 
under  the  cutting  edge  wherever  jjossible.  As  this,  however,  was  far 
from  being  a  continuous  metal  bearing,  and  as,  furthermore,  it  was 
really  a  bearing  on  rock,  on  an  annulus  not  more  than  2  or  3  ins.  wide, 
it  was  thought  proper  to  limit  the  unit  strain  in  the  cast-iron  cylinders 
to  about  5  000  lbs.  per  square  inch.  A  further  consideration  to  the 
same  end  was  the  fact  that  during  the  subsequent  sinking  of  the  cais- 
sons alongside,  the  supj)ort  against  flexure  afforded  by  the  surround- 
ing quicksand  Avould  be  somewhat  disturbed. 

The  concrete  with  which  the  cylinders  were  filled  was  made  with  a 
rich  Portland  cement  mortar;  at  least  the  first  6  ft.  was  filled  under 
compressed  air.  No  account  was  taken  of  the  concrete  filling  in  cal- 
culating the  strength  of  the  columns.  There  is  no  doubt,  however, 
that  it  added  considerably  to  their  strength  at  the  time  the  caissons 
were  sunk  alongside,  because  during  the  intervening  days  (or  weeks  in 
some  cases),  the  concrete  would  have  attained  much  hardness,  and  by 
means  of  the  interior  flanges  of  the  cylinders  a  considerable  portion  of 
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Mr.  Noble,  the  load  would  be  transferred  tlirougb  it  to  the  hed-roekou  the  interior 
of  the  cylinders.  This  transfer  would  be  facilitated  bv  a  slight  yield- 
ing of  the  packing  at  the  joints  of  the  cylinders  and  of  the  wedges  at 
the  cutting  edge. 

In  the  case  of  the  old  four-story  and  basement  building,  No.  24  New- 
Street,  the  weight  which  each  column  would  have  to  carry  was  less 
than  could  be  imposed  by  the  hydraulic  jack  used  in  forcing  it  down. 
It  was.  therefore,  believed  that  a  series  of  10-in.  pipes  having  the  nec- 
essary section  of  metal  would  afford  adequate  support  if  sunk  by  the 
jack  to  refusal  on  the  underlying  hard-pan.  An  experimental  column 
showed  that  the  hard-pan  was  impenetrable  iinder  the  maximum  press- 
ure given  by  the  jack,  and  the  plan  was  carried  out  on  this  basis. 
The  decision  as  to  size  of  columns  in  the  two  cases  was  made  at  one  and 
the  same  time,  and  the  results  proved  it  to  be  correct. 

There  was  no  settlement  in  the  biiildings  which  could  not  be  ac- 
counted for  by  the  compression  of  the  material  in  the  columns  them- 
selves, and  in  each  case  was  quite  insignificant  compared  with  the 
usual  settlements  in  biiildings  founded  on  earth. 

The  wall  of  the  Stokes  Building  has,  as  the  author  states,  a  spread 
foundation.  The  surface  of  gi-ound  water  is  about  2  ft.  below  it,  so 
that  the  foundation  rests  directly  upon  material  which  is  not  quick. 
This  was  not  important,  however,  because  the  excavation  in  the  neigh- 
boring lot  for  the  new  Queen  s  Insurance  Building  was  to  be  carried 
into  the  quicksand,  and  the  foundation  would  surely  be  weakened. 

The  cross-section  of  the  lower  part  of  this  wall.  Fig.  5,  shows  a  re- 
markable instance  of  a  spread  foundation  on  which  the  load  is  not 
central.  The  arrangement  is  obviously  one  which  should  produce 
tension  in  the  vertical  face:  during  the  work  of  sinking  the  supporting 
cylinders,  conclusive  proof  was  afforded  that  this  existed. 

The  method  described  in  the  paper  is  particularly  applicable  where 
a  material  capable  of  supporting  a  great  weight  can  be  reached  readily 
by  the  use  of  compressed  air.  It  must  be  noted  that  it  cannot  be  car- 
ried out  without  a  temporary  weakening  of  the  original  foundation,  a 
portion  of  which  must  be  removed.  In  quicksand  the  bearing  capacity 
of  a  neighboring  portion  will  inevitably  be  somewhat  reduced  and  a 
little  carelessness,  permitting  an  inrush  of  sand  into  the  cylinder,  may 
cause  serious  results;  but  with  due  care  the  method  is  entirely  practi- 
cable, is  economical  and  should  find  extended  application. 
Mr  Sehenck.  A.  A.  ScHEscK,  M.  Am.  Soc.  C.  E. — The  author  speaks  of  the 
necessity  of  carrving  on  operations  in  compressed  air  in  sinking  foun- 
dation cylinders.  This  method  has  been  considered  necessary  in 
many  cases  of  cylinder  settlement,  and.  of  course,  in  this  case  those 
in  charge  are  the  best  judges.  In  nearly  all  cases  of  cylinder  settle- 
ment, either  the  pneumatic  process  or  the  plan  of  pumping  out  the 
cylinder  in  some  way  appears  to  be  considered  necessary  for  the  pur- 
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pose  of  excavating  or  remoTing  obstructions,  preparing  the  bottom.  Xr.  Sefaeaek. 
placing  concrete,  etc.  Both  the  nse  of  compressed  air  and  the  use  of 
the  pump  have  disadvantages  connected  with  them  besides  the  ex- 
j>ens€.  Where  the  material  to  be  removed  from  the  cylinder  requires 
more  than  mechanical  appliances  working  under  water,  it  will  be 
found  both  cheaper  and  better  to  send  down  a  man  in  the  diving  suit 
much  more  freqneotlv  and  generallv  than  is  now  done,  in  place  of 
pumping  out. 

About  ten  vears  ago  the  writer  had  occ-asion  to  sink  evlinders  8  ft. 
in  diameter,  for  piers  of  a  bndge  across  a  western  stream.  It  was 
impossible  to  drive  piles  to  a  safe  depth.  Bv  sinking  cylinders  and 
excavating  within  them,  it  was  possible  to  force  the  piles  to  a  satis- 
factory depth.  A  very  much  smaller  nnnxber  of  piles  was  required, 
and  solidity  and  resistance  to  drift  were  secured  without  the  expense 
of  solid  masonry  piers,  stone  for  building  purposes  being  hard  to 
obtain. 

The  assistant  engineer  in  charge  of  test  borings  reported  only  fine 
sand  to  the  depth  to  which  it  was  intended  to  sink  the  cylinders. 
The  piers  were  located  on  low  sand  islands  or  bars,  the  surface  of 
which  was  about  a  foot  above  extreme  low  water.  An  8-in.  centrifugal 
pump  was  placed  on  the  sand  bar.  and  used  during  the  earlier  part  of 
the  work  on  each  cylinder,  the  material  being  removed  by  buckets. 
As  the  depth  increased,  it  was  fotmd  that  the  pump  sucked  the  finer 
material  from  around  the  cylinder  to  such  a  distance  that  the  inflow 
of  water  became  very  rapid.  Below  a  depth  of  a  few  feet,  also,  the 
material  changed  to  compact  gravel  with  small  boulders  from  1  to  2 
eiL  ft.  m  size,  which  required  hand  labor  in  the  cylinders.  The  latter 
part  of  the  work  was  therefore  carried  on  with  the  diving  suit.  Xo 
professional  diver  was  employed.  A  diving  suit  and  apparattis  were 
rented,  and  ordinary  laborers  sent  down.  They  were  allowed  higher 
wages  for  such  work  with  short  hours.  There  was  no  trouble  in  get- 
ting plenty  of  men  who  would  go  down  under  such  simple  conditions 
and  for  moderate  depths.  The  buckets  were  filled  by  hand.  The 
shells  were  sunk  until  they  were  considered  to  be  below  any  scoTiriag 
action  of  the  river;  but  the  settlement  could  have  been  carried  much 
lower  without  difficulty,  had  there  been  anything  to  justify  the  ex- 
penditure of  more  time  and  money.  Below  the  bottom  of  the  cylin- 
ders, piles  were  then  driven,  not  only  increasing  the  safety  against 
scouring,  but  seeoring  stability  by  a  foundation  firmly  and  deeply 
rooted  in  the  hard  materiaL  The  outer  circle  of  piles  was  driven 
first. 

No  attempt  was  made  to  cut  off  the  piles  and  cap  them  before  fill- 
ing the  cylinders  with  concrete.  It  was  considered  that  better  results 
would  be  secured  without  this.  Since  the  pile  tops  rise  to  varying 
distances  in  the  concrete,  there  is  no  horizontal  line  of  cleavage  at 
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Mr.  si-heiick.  which  the  mass  of  concrete  can  tilt  on  the  piles.  The  concrete  mass 
grips  the  piles  securely,  making  one  rigid  column  from  the  bottom  of 
the  piles  to  the  top  of  the  concrete;  and  the  stability  of  the  piles  in 
the  ground  is  extended  to  the  whole  column. 

The  conci-ete  was  deposited  in  the  water  in  the  column  at  first  by 
spouting  it;  but  in  parts  of  two  cylinders  it  was  thrown  into  the  water 
as  mixed,  the  water  being  about  10  ft.  deep.  Although  this  method 
is  in  violent  contradiction  of  most  theories,  the  results  appeared  to  be 
fully  as  good,  if  not  better,  than  those  of  usual  methods.  In  fact,  it 
is  believed  that  the  concrete  so  placed  was  better,  and  better  distri- 
buted, and  more  compactly  placed,  than  any  other.  The  cement, 
sand  and  stone  appeared  to  go  to  the  bottom  at  once  in  one  mass,  and 
as  well  mixed  as  when  first  prepared,  and  the  concrete  to  diffuse  itself 
much  better.  The  water  through  which  it  passed  retained  very  little 
of  the  cement.  The  resultant  mass  was  apparently  more  homogeneous 
and  solid  than  if  placed  in  air  and  rammed. 

The  river  is  in  a  densely  wooded  country,  and  carries  much  drift 
during  floods,  including  many  trees  5  or  6  ft.  in  diameter,  and  over 
100  ft.  in  length.  Occasionally  such  trees  have  broken  against  the 
cylinders  without  tilting  or  injuring  one  of  them.  No  settlement  of 
bearings  or  of  the  concrete  occurred  in  the  cylinders  after  the  filling 
with  concrete  was  finished. 

The  shells  were  of  i-in.  plate,  in  two  pieces  to  the  circumference, 
about  4  ft.  high,  lap  joints,  all  rivets  being  i  in.  and  spaced  3  ins. 
The  plates  were  bent  to  the  circle  before  shipment.  All  riveting  was 
done  on  the  ground.  At  first  the  shells  were  settled  by  weighting, 
but  tapping  with  a  pile-driver  hammer  was  afterwards  cautiously  at- 
tempted. It  was  found  that  with  the  riveting  stated,  it  was  safe  to 
give  a  blow  of  3  ft.  fall  of  hammer  weighing  1  800  lbs. ,  taking  care 
not  to  continue  the  blows  long  after  the  movement  downward  had 
ceased.  Two  layers  of  12  x  12-in.  timber,  crossed,  were  laid  on  top 
of  the  unflanged  shell.  This  mode  of  settling  disturbs  the  surround- 
ing material  less  than  the  water-jet.  The  full  lateral  stability  and 
frictional  effect  of  the  surrounding  material  is  retained.  By  not 
pumping  out,  heavy  stresses  upon  the  shell  are  avoided,  and  the  hun- 
dred and  one  difficulties  which  come  from  inviting  pressures. 

In  soft  mud,  it  would  be  necessary  to  excavate  in  the  shell  some 
distance  below  the  proposed  level  of  the  tops  of  the  piles,  to  keep  the 
mud  from  being  forced  upward  during  the  driving  and  covering  the 
pile  heads.  A  few  minutes'  work  of  a  diver  will  ensure  the  cleanliness 
of  the  pile  heads.  The  placing  of  concrete  should  be  done  slowly  at 
first,  so  that  the  cement  between  piles  is  given  time  to  settle  to  a 
stable  bearing  and  reasonable  depth.  If  the  mud  itself  will  not 
permanently  sustain  concrete,  it  will  be  found  that  by  adhesion  to  the 
piles,  the  concrete  will  generally  come  to  rest.     Where  the  depth  of 
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mud  is  too  great  to  allow  one  leugth  of  pile  to  reach  hard  bottom,  it  Mr.  Soliencic. 
is  possible  to  go  part  way  with  a  cylindex%  excavate,  and  then  drive 
single  lengths  of  2>iles,  using  a  temporary  follower.  After  the  shell 
has  been  well  filled  with  piles,  it  will  be  found  that  the  mud  will 
come  into  the  shell  much  more  slowly;  and  the  piles  can  be  kept  clear 
of  it  long  enough  to  permit  the  concrete  to  be  placed  on  the  pile 
heads.  The  retention  of  the  water  in  the  shell  at  all  times  will  tend 
to  kee]?  out  the  mud.  The  shell  may  be  of  cheap  construction  where 
no  pressures  are  created  by  pumping  out.  The  iron  shell  may  even 
have  a  wooden  lining  to  serve  as  a  mold  for  the  concrete,  the  iron 
being  removed  and  used  again,  and  iron  protection  being  left  only  at 
heights  where  protection  from  erosion  is  necessary.  This  method  of 
not  pumping  out  depends  on  the  engineer's  willingness  to  let  the  con- 
crete do  its  own  capping,   leveling  and  fitting  upon  the  piles.     The 
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Fig.  11. 

results  of  the  trial  of  this  method  at  the  structure  named  are  given  to 
aid  the  constructor  in  deciding  this  determining  question.  If  con- 
crete will  so  dispose  itself  as  to  do  away  with  pumping  or  pneumatic 
work  in  any  case,  the  saving  of  time,  expense  and  difficulties  is  evi- 
dent. So  far  as  permanent  strength  is  concerned,  the  clear  span  be- 
tween piles  is  so  small,  the  bearing  power  of  a  beam  of  concrete  of 
such  depth  is  so  great,  that  the  strength  would  seem  to  be  beyond 
question. 

It  is  well  to  note  in  this  connection  that  it  is  often  a  loss  rather 
than  a  gain  to  penetrate  through  a  compact  layer  of  material  in  order 
to  reach  solid  rock.  If  the  rock  be  uneven,  this  layer  acts  as  a  natural 
concrete  deposit  to  distribute  the  weight,  and  its  frictional  hold  of 
the  rock  is  very  valuable.     It  is  often  better  to  enlarge  the  area  of  the 
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Mr.  ScheiRk.  proposed  Cylinder  to  suit  such  material  than  to  go  down  in  search  of 
a  sloping  rock,  with  the  expensive  leveling  that  will  be  necessary 
Avhen  the  shell  reaches  it. 

Where  there  is  no  underlying  material  that  can  be  penetrated  by 
the  piles,  so  as  to  secure  vertical  stability  to  the  piles  in  very  soft 
mud,  some  other  system  must  be  used  that  will  give  stability  against 
tilting. 

It  is  desirable  that  where  piles  are  loaded  with  concrete  without 
cutting  off,  the  pile  heads  should  be  uninjured  to  any  great  extent. 
The  writer  therefore  submits  a  design  of  cast-iron  follower  and  cushion 
which  has  been  in  use  on  the  New  York  Central  and  Hudson  River 
Railroad  some  years,  under  direction  of  Mr.  "W.  D.  Otis,  General  Road- 
master.  This  device,  Fig.  11,  not  only  enables  piles  to  be  driven  into 
hard  material  otherwise  impenetrable,  but  at  the  same  time  preserves 
the  pile  head  perfect.  The  pile  heads  are  dressed  to  fit  the  follower. 
The  writer  has  seen  large  groups  of  piles  driven  into  hard-pan,  yet  the 
heads  of  the  whole  group  were  left  as  perfect  as  if  they  had  been  turned. 

The  cylinder  type  of  substi'ucture  is  full  of  advantages,  and  has 
come  to  stay.  At  present  it  is  tied  too  fast  to  the  older  and  more  ex- 
pensive methods.  It  is  a  development  of  the  old  Gushing  pier,  which 
was  not  much  more  than  a  protective  belt  i^laced  around  a  group  of 
jailes. 
Mr.  Thomson.  T.  Kennakd  Thomson,  M.  Am.  Soc.  C  E. — Having  carefully  watched 
the  underpinning  of  the  buildings  mentioned  by  the  author,  and  seen 
how  successfully  his  method  works,  the  writer  thinks  he  has  not  suffi- 
ciently emphasized  the  difference  between  this  and  other  arrangements 
for  supporting  a  wall.  This  system  gives  a  permanent  and  safe  foun- 
dation, while  the  others  act  more  as  falseworks,  which  may  or  may  not 
be  safe  while  in  use,  and  may  or  may  not  be  safely  removed,  especially 
if  there  is  quicksand  underneath,  without  affecting  the  adjoining  build- 
ings. 

The  author  has  illustrated  two  distinct  systems  of  working;  first, 
the  pipe  system,  which  can  only  be  used  under  favorable  conditions; 
and,  second,  a  system  of  large  cylinders,  which  can  be  used  any- 
where. 

The  first  consists  of  a  pipe  i^ile  or  column,  in  which  the  diameter 
is  too  small  to  permit  an  observation  of  the  bottom,  and  the  pipe  is 
driven  to  refusal,  or  until  the  pressure  exerted  by  the  jack  is  greater 
than  the  subsequent  load  to  be  carried  by  that  individual  pipe. 

Of  course,  an  electric  light  and  mirror  or  camera  could  be  used, 
but  this  would  be  of  little  value,  as  a  small  boulder  might  be  mistaken 
for  bed-rock.  The  pipes  are  generally  made  strong  enough  when 
empty  to  carry  the  load,  and  are  then  filled  with  concrete,  which, 
although  adding  greatly  to  the  strength,  is  not  depended  upon.  When 
made  of  steel,  there  is,  of  course,  no  effectual  way  of  preventing  ulti- 
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mate  destruction  by  rust,  while  the  objection  to  cast  iron  is  that  it  is  Mr.  Thonv?on. 
liable  to  breakage  under  the  jack.     A  thin  steel  pipe  could  be  forced 
down,  and  a  cast-iron  column  afterwards  placed  inside  of  it,  having 
the  intervening  space  filled  with  concrete  or  grout,  which  would  make 
a  cheap  and  permanent  foundation. 

When  the  question  of  underpinning  the  old  building  at  No.  24  New 
Street  came  up,  the  author  siiggested  the  pipe  scheme.  As  doubt  was 
expressed  as  to  its  feasibility,  a  gas-pipe  driver  was  designed  and 
built,  and  a  2-in.  gas  pipe  was  driven  down  with  the  aid  of  a  water-jet, 
where  the  first  support  was  proposed.  This  boring  indicated  that  there 
was  nothing  but  quicksand,  clay  and  sand  between  the  surface  and 
hard-pan.  The  absence  of  boulders  was  what  had  been  hoped  for, 
because  these  pipes  can  only  be  depended  i;pon  when  they  are  driven 
to  hard-pan  or  rock;  for  while  the  resistance  to  the  jack  might  indicate 
that  there  would  never  be  enough  pressure  from  the  walls  to  cause 
further  jienetration,  still,  if  the  pipe  were  stopped  on  a  boulder  under 
which  lay  quicksand,  the  sinking  of  pneumatic  caissons  nearby  might 
draw  the  material  from  under  the  boulder  and  allow  the  wall  to  settle. 
A  preliminary  boring  of  this  nature  should  be  made  for  each  individual 
pipe  that  is  to  be  used.  The  subsoil  of  a  greater  portion  of  lower  New 
York  is  similar  to  what  was  found  at  the  new  Commercial  Cable  Build- 
ing, which  is  an  ideal  location  for  this  kind  of  underpinning. 

The  borings  mentioned  having  removed  all  doubts,  it  was  calcu- 
lated that  a  10-in.  pii^e  of  i-in.  metal,  weighing  40  lbs.  per  foot,  would 
be  strong  enough  for  a  temporary  support.  A  number  of  these  were 
obtained  in  the  market  at  once,  in  lengths  of  about  5  ft.,  with  butt 
joints  and  outside  coiiplings.  A  smooth  outside  joint  would  have  been 
preferred,  but  could  not  be  obtained  so  readily.  It  was  supposed  that 
there  might  be  some  difficulty  in  dislodging  the  material  under  the 
pipe,  so  a  cast-iron  shoe  or  cutting  edge  Avas  designed,  having  connec- 
tions for  three  J-in.  gas  pipes,  and  a  system  of  holes  to  distribute  the 
water  from  the  J-in.  feed  pipes  all  ai-ound  the  cutting  edge.  The  first 
10-in.  pipe  had  one  of  these  shoes,  which  worked  well,  but  it  was  found 
that  a  single  gas  pipe  dropped  from  the  toj)  and  connected  with  a  hose 
was  ample,  so  the  expensive  shoe  and  three  fixed  gas  pipes  were  dis- 
jjensed  with  in  the  rest  of  the  10-in.  i^ipes,  which  had  the  cutting  edge 
stiffened  by  an  ordinary  coupling.  It  was  also  found  convenient  to 
have  a  temporary  short  section  of  pipe,  about  3  ft.  long,  screwed  on 
top  of  each  permanent  section  as  it  was  being  forced  down.  This 
short  section  had  three  vertical  slots,  about  3  ins.  wide  and  1^  ft.  long, 
to  permit  the  gas  pipe  and  hose  to  be  worked  up  and  down  without  dis- 
turbing the  jack.  A  connection  was  made  lower  down  for  the  over- 
flow. The  quicksand  passing  through  the  overflow  pipe  was  so  fine 
that  it  looked  like  mere  dirty  water  until  allowed  to  settle.  An 
architect  on  another  bu.ilding  who  tried  to  pump  water  from  under 
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Mr.  Thomson,  his  foundations  tliought  be  was  only  raising  dirty  water,  but  after 
pumping  twenty-four  liours  or  so,  without  lowering  his  water  level  to 
any  extent,  he  stopped,  and  subsequently  had  a  cave-in. 

The  following  is  the  writer's  report  to  the  contractors  on  the  sink- 
ing of  the  first  10-in.  pipe  at  No.  24  New  Street: 

"  The  first  cylinder  of  the  ten  proposed  to  support  the  old  wall 
(nine  Avere  used)  has  six  sections  of  5  ft.,  and  one  of  4  ft.,  ^-in.  metal, 
having  12  sq.  ins.  section,  and  weighing  40  lbs.  per  foot,  with  patent 
couplings  on  the  outside  and  butt  joints.  On  the  bottom  there  was  a 
cast-iron  shoe  IJ  ins.  thick,  with  small  holes  for  jetting  connected  with 
three  J-in.  gas  pipes  to  supply  the  water  with. 

"  A  hole  was  dug  in  the  ground  about  3  ft.  deep,  and  two  5-ft.  sec- 
tions placed  in  position  under  the  jack,  at  10.56  a.m.,  Saturday,  March 
2Sth.  In  three  minutes  the  jsipes  had  been  driven  8  ins.  Numerous 
stops  were  made  to  plumb  the  jiipe,  which  at  12.11  p.m.  had  been  driven 
,  2  ft.  6  ins. ;  by  this  time  whenever  the  jack  was  in  use,  the  pressure  was 

taken  off  by  the  two  pine  shores  which  braced  the  12-in.  beams.  The 
old  wall  was  so  rotten  that  there  was  no  support  for  these  temporary 
4  ft.  I-beams,  and  it  was  considered  unsafe  to  cut  4  ft.  out  of  the  wall 
without  temporary  wooden  shores.  On  filling  the  pipe  with  water 
again,  it  escaped  under  the  shoe. 

"  The  third  length,  5  ft.,  was  added  at  2.15  p.m.,  and  the  pipes  dis- 
connected with  the  shoe,  after  which  the  pipe  was  kejjt  filled  with 
water  by  shoving  a  pipe  down  from  the  top.  The  overflow  was  heavily 
laden  with  quicksand.  The  pipe  was  driven  about  11  ins.  between 
each  shift  of  the  jack  in  from  six  to  ten  minutes,  all  the  way  down  to 
hard-pan. 

"  The  fourth  length  was  screwed  on  at  4.09  p.m.,  and  driven  home 
at  5  p.  M. ,  when  work  stopjjed  for  Sunday. 

"  Monday,  March  30th,  work  started  at  7  a.m.,  and  the  fifth  length 
was  down  at  8.55  a.m.  The  sixth  and  seventh  lengths  were  under 
water  at  11.20  a.m.  By  this  time  every  application  of  the  jack  lifted 
the  beams  off  of  both  shores.  The  jack  was  removed,  and  the  sand 
jumped  out  of  the  pipe,  after  which  the  jack  was  again  put  in  place 
and  worked  to  its  full  capacity,  60  tons,  without  further  sinking.  The 
previous  2-in.  boring  showed  34  ft.,  and  34  ft.  of  10-in.  pipe  having 
been  driven  with  the  above  results,  the  presumption  was  that  rock  or 
hard-pan  had  been  reached.  The  caissons  afterwards  sunk  besides 
these  jjipes  j^roved  that  they  were  resting  on  hard-joan.  When  the  men 
got  accustomed  to  the  work,  the  remainder  of  the  pipes  were  jnit  down 
from  33  to  35  ft.  in  five  or  six  hours." 

In  this  building  there  was  no  difficulty  in  removing  the  old  foun- 
dation wall  to  insert  the  pipes,  jacks,  etc.,  because  the  original  mortar 
was  not  much  better  than  powder. 

In  order  to  increase  the  strength  of  some  of  the  10-in.  j^ii^es,  8-in. 
pipes  were  placed  inside  after  sinking,  concreted  and  grouted. 

The  second  system  has  cylinders  of  large  enough  diameter  to  per- 
mit a  man  entering,  and,  if  necessary,  blasting  out  boulders  until  bed- 
rock is  reached.  These  cylinders  under  the  Western  Union  Building 
were  30  ins.  in  diameter  outside,  and  were  forced  to  hard-pan  by  two 
jacks  and  a  M-ater-jet  when  the  jacks  were  removed,  a  small  air  lock 
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being  put  in  their  place  to  permit  a  man  to  enter  and  excavate  the  Mi-.  Thomson. 
hard-pan.     Sometimes  the  jacks  woiild  be  replaced,  and  the  cylinder 
forced  down  farther. 

The  writer  certainly  does  not  wish  to  be  understood  as  recommend- 
ing for  use  near  any  heavy  building  any  kind  of  a  coflfer-dam  which  is 
pumped  dry  without  a  compressed  air  chamber.  So  far  these  pneu- 
matic caissons  have  only  been  forced  down  to  hard-pan  or  rock  by 
means  of  a  hydraulic  jack  under  old  buildings,  the  weight  of /whose 
walls  give  sufficient  resistance  to  the  jacks;  but  by  arranging  a  system 
of  heavy  movable  weights,  the  same  system  might  be  used  to  advan- 
tage for  new  foundations,  and  it  would  seem  that  something  of  the 
kind  is  Avanted  where  the  cost  of  ordinary  pneumatic  caissons  is  pro- 
hibitive. 

Under  the  present  New  York  building  laws,  if  pneumatic  founda- 
tions are  used,  and  the  foundations  carried  to  rock,  the  pressure 
exerted  on  bed-rock  must  not  exceed  30  000  lbs.  per  square  foot,  or 
25  000  lbs.  on  good  concrete.  Now  this  often  requires  sucli  a  large 
cylinder  that  the  expense  prevents  the  owner  from  attempting  to  go  to 
rock  at  all,  and  he  decides  on  a  pile  foundation  instead,  which  is  cer- 
tainly cheaj),  as  he  is  allowed  to  load  each  pile  with  40  000  lbs.,  and 
place  them  as  close  together  as  he  can.  In  fact  one  of  the  highest 
buildings  in  New  York  is  being  founded  on  piles,  which  are  so  close 
together  that  they  are  practically  in  contact,  and  when  cut  off,  cannot 
be  much  more  than  10  ft.  long.  Moreover  a  whole  bunch  of  these  piles 
is  most  decidedly  otit  of  plumb.  Would  it  not  be  very  much  better  to 
leave  the  piles  out  entirely,  and  put  the  money  in  a  good  thick  bed  of  ^ 
concrete  over  a  larger  surface,  or  better  still,  have  a  non-corrosible 
column  carried  down  to  bed-rock,  even  if  the  pressure  on  good  rock 
was  80  000  to  100  000  lbs.  per  square  foot,  instead  of  putting  40  000  lbs. 
on  a  5-in.  pile? 

Mr.  Schenck  advocates  divers  instead  of  compressed  air,  but  he 
must  have  been  excejitionally  fortunate  in  his  selection  of  divers. 
Work  in  compressed  air  is  generally  under  the  supervision  of  an  engi- 
neer, which  is  certainly  a  more  reliable  plan  than  to  rely  on  the  word 
of  an  ordinary  diver.  The  writer  has  met  one  diver  whose  word  he 
could  trust,  and  that  man  would  recommend  compressed  air  every 
time  a  good  piece  of  work  was  desired. 

There  was  a  bridge  where  the  coffer-dams  leaked  so  badly  that  it 
was  decided  to  dump  5  ft.  of  concrete  over  the  entire  bottom.  The 
divers  were  paid  $40  a  day  to  look  after  this,  but  as  the  coffer-dams 
continued  to  leak  and  the  divers  reported  the  surface  of  the  concrete 
dead  level,  it  was  decided  to  start  the  masonry  on  a  timber  platform 
and  gradually  sink  it  until  it  rested  on  the  dead  level  concrete.  The 
Chief  Engineer,  however,  thought  he  would  have  a  look  at  the  con- 
crete first,  so  he  rigged  up  several  more  pumps,   and  by  hard  work 
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Mr.  Tiiomson.  managed  to  lower  the  water  long  enough  to  examine  the  concrete, 
which  proved  to  be  anything  but  level,  in  fact  there  was  one  hole 
about  5  ft.  wide  by  20  ft.  long  and  from  4  to  5  ft.  deep.  The  coflfer- 
dams  were  eventually  made  water-tight  and  all  the  concrete  blasted 
out. 

-Mr.  Saunders.  W.  L.  Saunders,  M.  Am.  8oc.  C.  E. — It  may  perhaps  interest  some 
members  to  know  what  kind  of  a  machine  is  that  which  is  shown 
in  Plate  I.  It  is,  perhaps,  but  an  incident  in  connection  with  this  im- 
portant work  to  know  by  what  means  the  cutting  away  of  the  wall  was 
accomplished.  The  author  used  for  this  purpose  a  gadder,  the  upper 
part  of  which  is  shown  in  the  illustration,  a  machine  about  which, 
perhaps,  little  is  known  except  by  those  members  who  may  be  familiar 
Avith  marble  quarrying. 

It  will  generally  be  admitted  that  the  author  has  described  a  very 
substantial  method  of  underpinning.  It  is  in  no  sense  a  cheaj?  me- 
thod, and  anything  which  aids  in  reducing  the  cost  of  such  work  is 
worthy  of  notice.  To  cut  away  old  brick  masonry,  especially  that 
laid  in  cement,  is  usually  a  slow  and  expensive  operation.  By  means 
of  this  gadder  the  author  outlined  the  space  which  he  wished  to  cut 
aAvay  by  a  series  of  holes  driven  in  a  manner  which  is  illustrated  by 
the  i^erforations  separating  postage  stamps.  The  rock  drill  is  mounted 
upon  a  special  frame  which  consists  mainly  of  a  cast-iron  base  carried 
on  four  wheels,  to  the  end  of  which  is  pivoted  or  hinged  a  standard  or 
post.  This  standard  carries  the  rock  drill  through  a  carriage  which 
moves  upon  parallel  guides  and  by  means  of  which  the  drill  is  raised 
or  lowered  to  any  desired  position.  The  standard  is  capable  of  a 
varied  adjustment  from  a  vertical  jjosition  to  one  very  much  inclined. 
By  means  of  this  adjustment,  together  with  the  movement  of  the 
drill  through  the  carriage  on  the  standard,  a  line  of  holes  may  be  in- 
serted in  any  position  or  at  any  angle  against  a  wall.  The  frame  is  so 
designed  that  it  is  stiff'  enough  to  resist  the  thrusts  of  the  drill  while 
working  even  near  the  toji  of  the  post,  Compressed  air,  which  is 
always  available  in  a  work  of  this  kind,  furnishes  the  power  to  run  the 
drill  and  the  holes  are  driven  with  great  rapidity.  Once  the  wall  is 
thoroughly  perforated  it  is  an  easy  matter  to  break  away  the  inter- 
vening masonry. 
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HEATING  AND  VENTILATION. 


By  CHAKiiEs  Cakboll  Gilman,  F.  Am.  Soc.  C.  E. 
Presented  November  18th,  1896. 


The  principle  of  the  method  of  heating  and  ventilation  discussed 
in  this  paper  is  the  utilization  of  the  fact  that  air  rarefied  by  heating- 
will  cause  a  circulation  in  the  rooms  of  a  building.  This  principle  is 
applied  practically  by  cooling  the  air  near  the  ceiling  of  a  room,  by 
heating  the  air  near  the  floor,  or  by  both  means.  It  has  been  the  belief 
of  the  author  for  some  time  past  that  the  mechanical  condition  for 
such  a  system  of  heating  might  be  furnished  by  the  use  of  "earthen- 
ware-house "  construction  in  the  floors  and  ceilings,  and  to  test  the 
validity  of  this  belief  he  carried  out  the  two  sets  of  experiments 
described  hereafter. 

The  first  set  of  experiments  was  carried  out  in  the  kitchen  of  the 
author's  village  homestead,  which  was  then  vacated  for  repairs.  It 
has  a  water-backed  cook  stove  piped  for  domestic  uses,  to  waste  in  the 
bathroom  on  the  floor  above,  and  is  supplied  by  a  tank  in  the  attic. 
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The  stove  was  taken  out  and  set  in  the  cellar  below,  and  the  flooring 
and  ceiling  coverings  were  ripped  out.  Porous  brickstuff  jjlanks,  Ij 
ins.  thick,  were  then  fitted  and  spiked  on  the  exposed  faces  of  the  floor 
joists,  in  order  to  furnish  an  air-tight  and  fire-proof  foundation.  This 
floor  measux'ed  12  x  16  ft.,  and  served  as  a  support  for  a  heating  coil 
composed  of  lengths  of  l^-in.  iron  pipe  laid  12  ins.  apart,  and  suitably 
connected  with  the  water-back  of  the  stove  on  the  floor  below.  This 
coil  was  tested  for  leakage  and  provided  with  a  petcock  to  enable  air 
to  escajje,  and  the  whole  floor  was  then  covered  with  a  4-in.  layer  of 
concrete  made  of  eqvial  volumes  of  native  hydraulic  lime,  sand  and 
small  gravel,  as  shown  in  Fig.  1. 

For  the  purposes  of  the  experiment  a  tempoi-ary  ventilating  ceiling 
was  made  by  sheathing  the  under  surfaces  of  the  rafters  with  J -in. 
matched  pine  boards.  This  ceiling  was  perforated  with  144  auger 
holes  from  4  ins.  to  6  ins.  apart.  One-third  of  these  were  1  in.  in 
diameter  and  the  remainder  -J  in.  Five  of  the  1-iu.  holes  were  pro- 
vided with  tin  tubes  ojiening  in  the  floor  of  the  bathi'oom,  and  the 
remainder  opened  into  the  wall  void,  10  ins.  in  depth,  having  direct 
communication  with  the  outside  air. 

About  three  months  later,  the  floor  had  hardened  and  the  experi- 
ment was  begun.  A  platform  was  put  up  near  the  ceiling,  the  auger 
holes  were  corked  from  below,  and  blankets  were  hung  over  the 
inside  of  the  doors  as  an  additional  i^recaution  against  the  entrance 
of  the  air.  A  thermometer  was  affixed  to  a  partition  wall  at  the  floor 
level,  another  at  an  elevation  of  6  ft.  and  a  third  at  the  ceiling.  A  fire 
Avas  then  started  in  the  stove  and  maintained  for  three  hours,  when 
the  kitchen  was  entered.  Each  of  the  three  thermometers  indicated  a 
temperature  of  72^,  the  water  in  the  floor  coil  was  at  135^  and  the  tem- 
perature outside  the  house  was  40  degrees. 

To  rid  the  room  of  humidity,  the  corks  were  drawn,  which  was 
followed  at  once  by  a  drop  of  4^  in  the  reading  of  the  middle  ther- 
mometer, the  others  remaining  at  their  former  reading.  It  was  found 
that  all  the  larger  orifices,  except  the  five  opening  into  the  bath- 
room, were  discharging  air  downward,  while  no  movement  was  dis- 
cernible at  the  mouths  of  the  smaller  ones.  The  five  tubes  leading  to 
the  bathroom  were  discharging  air  upward  under  a  pronounced  press- 
ure, although  not  of  a  volume  equal  to  that  dropped  into  the  room 
through  43  holes  of  the  same  size.     The  only  exjilanation  of  this  state 
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of  affairs  is  that  the  outside  air  at  40^  entering  through  43  1-in.  holes 
was  pushing  up,  because  of  its  greater  weight,  the  rarefled  air  at  72° 
through  96  f-in.  holes  and  the  five  1-in.  holes  leading  to  the  bath- 
room. 

Subsequently  the  floor  of  the  adjoining  room,  measuring  16 x  18  ft., 
was  provided  with  a  similar  coil,  and  the  experiment  repeated  with  the 
same  results,  except  that  six  hours  instead  of  three  were  required  to 
bring  the  water  to  the  same  temperature. 
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These  experiments  show  that  imder  the  given  conditions  there  is 
an  exchange  of  hot  and  cold  air  at  the  ceiling,  which  prevents  draughts, 
and  it  is  practicable  to  warm  a  small  cottage  with  kitchen,  living  room 
and  two  bedrooms,  having  about  500  sq.  ft.  of  floor  area,  by  means  of 
water  from  the  cook-stove. 

The  second  series  of  experiments  was  carried  out  in  a  small  green- 
house annexed  to  a  steam-heated  dwelling.  The  greenhouse  was  a 
frame  structure  measuring  10  x  20  ft.  in  the  clear,  and  14  ft.  high  above 
the  floor.     The  walls  were  sheathed  to  a  height  of  4i   ft.   with  brick- 
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stuff,  the  remainiug  distance  and  the  roof  being  of  glass,  single  sashed 
but  donble  glazed.  The  floor  was  prepared  somewhat  like  that  of  the 
kitchen  already  described,  and  contained  in  addition  to  the  heating 
coil  several  water  pipes,  as  shown  in  Fig.  2.  The  floor  was  made  by 
soaking  bribkstiiff  planks  in  water  before  laying  them,  and  using  as  a 
covering  a  mixture  of  one  part  of  Portland  cement  to  four  parts  of 
clean,  sharp  sand,  screened  through  a  No.  6  sieve.  The  concrete  pre- 
viously employed  was  not  used  on  account  of  its  deficiency  as  regards 
the  conduction  of  heat.  The  greenhouse  has  four  ventilating  tran- 
soms beneath  the  eaves,  a  small  door  leading  to  an  open  porch  and 
four  large  folding  doors,  which,  when  thrown  back,  make  the  green- 
house and  adjoining  music  room  practically  one  large  room.  The 
floor  coils  were  supplied  with  steam  from  the  boiler  in  the  house. 
The  entire  cost  of  the  new  outfit  complete  was  about  $2  per  square 
foot  of  floor  area. 

Sixty  days  after  the  completion  of  the  work  steam  at  7  lbs.  pressure 
was  turned  on.  The  outside  air  was  at  29°  at  the  time  and  the  air  in 
the  annex  at  about  65  degrees.  It  was  found  by  means  of  smoke  tests 
that  the  currents  of  air  were  rising  from  the  floor  to  within  several 
inches  of  the  roof,  where  they  spread  out  horizontally  to  the  walls  and 
sank  to  the  floor.  The  only  ventilation  was  through  a  small  crevice 
between  the  roof  and  its  supporting  wall  plate,  and  under  the  door 
leading  to  the  jjorch.  The  transoms  were  not  used  until  spring.  The 
mean  temperature  maintained  was  75°  during  the  day  and  60°  at  night, 
although  several  times  when  the  outside  air  was  18°  to  22°  below  zero, 
the  temperature  in  the  greenhouse  sank  to  52°  in  the  early  morning. 
The  furnace  fire  was  banked  from  10  p.  M.  to  6  a.  m.,  the  greenhouse 
being  warmed  during  the  interval  by  the  heat  stored  in  the  floor. 
Roses,  chrysanthemums,  carnations  and  other  plants  bloomed  freely 
in  their  resjaective  seasons,  and  biilbs,  cuttings  and  seeds  were  started 
successfvilly  in  the  spring. 
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CAR  TRACKS  AND  PAVEMENTS. 


By  James  Owen,  M.  Am.  Soc.  C.  E. 
Presented  December  16th,  1896. 


WITH   DISCUSSION.* 

The  present  enormous  development  of  transit  facilities  in  the 
streets  of  urban  and  suburban  communities,  and  the  desire  for  imme- 
diate results  rather  than  for  permanent  construction,  have  already  led 
to  complications  and  problems  which  demand  the  careful  study  of  the 
engineering  profession,  and  to  which  more  particular  attention  in  the 
future  will  have  to  be  given. 

In  the  construction  and  maintenance  of  streets  and  highways,  cer- 
tain principles  and  practices  have  been  formulated,  and  by  selection 
accepted  as  giving  the  best  results,  economically,  for  the  particular 
travel  they  have  to  endure.  In  the  maintenance  of  railroad  tracks,  the 
practice  has  been  more  crystallized,  and  a  standard  has  been  adopted 
from  which  only  the  lack  of  means  excuses  a  dejaarture. 

These  practices  exercised  separately  offer  no  field  of  discussion,  but 

as  soon  as  the  maintenance  of  track  and  that  of  pavement  are  united 

*  The  discussion  on  Papers  Nos.  801  and  803  was  a  joint  one,  and  will  be  found  on 
pages  78  to  132. 
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in  one  street  or  in  one  city,  then  the  relations  of  the  two  interests  be- 
come complex,  and  the  economic  adjustment  of  the  differences  between 
the  parties  interested  opens  np  a  wide  field  of  discussion,  in  what 
may  be  called,  at  present,  at  least,  an  nndevelojied  territory,  and  in 
Avhich,  therefore,  it  may  not  be  considered  improjjer  to  inject  a  few 
suggestions. 

The  first  point  to  be  considered  is  the  relation  of  the  owner  of  the 
railway  to  the  authorities  in  charge  of  the  highway,  and  involves  so  far 
three  situations  : 

First. — Where  the  municipality  owns  both  track  and  street. 
Second. — Where  the  company  operating  the  railroad  assixmes  as  part 
of  its  franchise  the  care  of  the  pavement  in  the  street. 

Third. — Where  the  municipality  cares  for  the  pavement  outside  the 
tracks,  and  the  company  cares  for  the  track  and  th(^  j^avement  between 
the  rails. 

While  the  first  two  conditions  actually  exist,  they  are  so  rare  in 
this  country  that  much  consideration  cannot  be  given  to  them,  excejit 
as  to  formulate  what,  in  some  minds,  might  be  called  the  ideal.  They 
have  only  been  adojited  in  isolated  cases,  under  peculiar  conditions, 
and  do  not  seem  to  commend  themselves  generally  to  munieiijalities 
or  capitalists. 

It  will  not  be  out  of  order,  however,  to  allude  to  two  or  three  ideas 
that  suggest  themselves  on  these  two  heads.  It  would  be  of  undoubted 
advantage  to  have  the  control  of  track  and  pavement  vested  in  one 
authority,  as  more  economic  results  can  be  obtained,  and  the  riding 
public  and  driving  public  would  both  be  placed  on  a  fairly  equal  basis ; 
but  the  general  unsatisfactory  administration  of  municij^al  affairs  at 
this  time  places  a  great  barrier  against  municipal  control.  On  the  other 
hand  when  the  railroad  company  assumes  control  of  the  whole  pave- 
ment of  the  street,  the  company,  as  a  money-making  institution,  would 
not  have  as  high  an  idea  of  the  character  of  a  good  pavement  as  the 
critical  taxpayers  would  demand,  and  when  rei^airs  are  numerous  and 
costly,  they  may  not  be  made  with  the  alacrity  that  a  high  citizenship 
would  suggest. 

Another  condition  of  things  might  exist  where  the  municipality 
keeps  the  whole  pavement  in  repair,  and  collects  from  the  company 
the  cost  of  the  latter's  part  between  the  tracks.  This  might  work  satis- 
factorily if  one  point  did  not  come  up  to  create  trouble  ;    it  is  the 
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one  point  that  is  going  to  make  endless  friction  and  is  the  unconsidered 
element,  viz.,  the  repairing  and  renewing  of  the  track  itself. 

Assuming,  then,  that  the  existing  condition,  and  for  a  while  the  future 
condition,  is  the  separation  of  the  control  of  the  pavement  from  the 
control  of  the  track,  it  will  be  in  order  to  consider  the  relations  thereto 
in  a  purely  engineering  sense,  and  from  this  consideration  certain 
governing  principles  which  may  be  of  benefit  to  both  parties  concerned. 
As  a  basis  for  these  relations  it  will  be  proper  also  to  assume  that  the 
workmanship  of  both  pavement  and  track  are  perfect,  considering  that 
any  departure  from  this  standard  of  perfection  would  only  aggravate 
the  difficulties. 

The  construction  and  ojjeration  of  a  horse  railroad  on  a  street  or 
highway,  while  to  a  certain  extent  separating  the  vehicular  travel  from 
the  track  itself  to  the  area  left  on  either  side  or  between  the  rails, 
does  not  by  any  means  isolate  it;  it  is  a  matter  of  history  that  rails 
were  especially  designed  to  keep  the  wagon  travel  away  from  the  car 
tracks,  and  it  may  be  fairly  assumed  that  the  car  travel  was  a  compo- 
nent part  of  the  general  travel.  With  the  introduction,  however,  of  a 
higher  rate  of  speed,  either  by  cable  or  electricity,  the  result  has  been, 
first,  to  increase  enormously  the  travel  on  the  cars,  so  much  so  that  in 
many  cities  the  main  car  lines  have  practically  driven  away  the  wheel 
travel,  and,  second,  the  wheel  travel  has  been  forced  into  the  two 
driveways  and  only  in  an  emergency  is  the  car  track  space  used. 

The  result  to  the  pavements  on  the  streets  is  that  the  travel  on 
them  is  localized  into  two  narrow  lines  on  which  the  wear  is  pecu- 
liarly excessive,  leaving  the  space  between  the  tracks  rarely  used.  To 
compensate  this  to  a  certain  extent  is  the  fact  that  rapid  surface  street 
transit  has  decreased  to  a  large  extent  horse  travel,  and  also  has  driven 
a  portion  of  the  said  travel  on  to  other  streets.  The  effect  of  this 
localization  of  travel  on  parallel  lines  to  the  track  is  to  induce  exces- 
sive wear  in  certain  spots,  and  but  little  in  others.  The  sequence  to 
this,  of  course,  is  more  frequent  renewals  in  pavements,  to  preserve 
uniformity. 

It  is  not  in  the  scope  of  these  remarks  to  alhide  to  the  merits  and 
demerits  of  any  particular  pavement;  but,  to  appreciate  the  situation 
properly,  the  accepted  standard  pavements  now  in  use  should  be 
stated,  and  they  are  granite  block,  asphalt,  brick,  telford  and  macadam. 
The  various  cities  in  the  country  have  or  are  making  experimental  de- 
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partures  into  other  classes,  but  the  list  given  above  can  be  considered 
unchallenged.  Of  the  pavements  mentioned,  the  accepted  practice  is  to 
lay  the  first  three  on  a  bed  of  concrete,  and  in  many  cases  this  con- 
crete is  continued  between  the  tracks,  and  in  it  the  ties  are  imbedded. 
In  the  telford  and  macadam  streets,  the  spaces  between  the  tracks  are 
paved  with  block,  with  an  edging  of  block  outside  the  rails  to  keep 
the  broken  stone  surfacing  away  from  the  rails. 

Into  these  jjavements  are  injected  the  car  tracks,  Avith,  as  a  rule, 
small  ties  laid  far  apart  on  the  bare  gi'ound,  with  a  heavy  girder 
rail  spiked  to  them,  and  tie-rods  every  few  feet.  On  track  of  this 
character  loads  are  carried  practically  equal  to  those  on  steam  rail- 
roads. The  practice  of  maintenance  of  track  on  steam  railroads  is  so 
matured  that  allusion  to  it  here  would  be  superfluous,  but  it  is  safe 
to  say  that  every  salient  requirement  of  steam  railroad  track  work, 
except  the  rails  themselves,  has  been  carefully  ignored  in  street  rail- 
road track.  This  is  due,  as  far  as  the  author's  observation  goes,  to 
these  causes — extreme  haste  in  the  construction  of  the  Avork,  lack  of  ap- 
preciation of  the  future  use  and  requirements  of  the  road,  and,  probably, 
to  lack  of  funds  also. 

This  situation  is,  then,  to  be  faced — a  carefully  laid  pavement, 
designed  with  one  object  particularly,  viz.,  permanency;  intermingled 
with  it  is  a  pex'ishable  construction  requiring  repairs,  incessant  and 
immediate.  A  prominent  street  railroad  superintendent  is  credited 
with  the  statement  that  every  street  railroad  track  will  on  an  average 
have  to  be  renewed  every  ten  years.  While  this  statement  may  be 
criticized,  there  is  good  reason  to  believe  in  its  accuracy. 

Assuming  for  argument  that  the  ten-year  period  is  correct,  the 
fact  that  every  square  yard  of  pavement  within  the  limits  of  the  track 
and  also  to  the  outer  edge  of  the  tie  will  have  to  be  torn  up  and  relaid 
every  ten  years  opens  up  a  field  of  speculation  as  to  the  projjer  practice 
to  be  adopted,  both  for  tracks  and  pavement,  in  the  future,  to  preserve 
an  ideal  in  both  cases. 

Taking  the  case  of  a  block  pavement  laid  on  a  concrete  bed,  with 
every  tie  imbedded  in  the  concrete,  the  actual  cost  of  removing  the 
material  is  a  large  item.  Relaying  is  costly,  and  will  sufficient  care 
and  watchfulness  be  given  to  insure  a  homogeneous  structure  after- 
ward? Experience  is  apt  to  point  otherwise.  If  concrete  is  not  used 
between  the  tracks,  the  pavement  itself  will  not  be  permanent  and  will 
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require  continuous  repairs  to  keep  it  up  to  standard,  and  this  standard 
will  be  achieved  only  with  great  difficulty.  This  same  argument  will 
apply  both  to  asphalt  and  brick.  In  the  last  year,  more  attention 
has  been  given  to  this  question  of  permanency  in  tracks,  and  the  use 
of  60-ft.  rails  and  welded  joints  is  to  be  greatly  commended;  but  a 
track  spiked  to  wooden  ties  laid  on  soft  earth  can  never  be  deemed 
permanent,  and  the  adoption  of  a  track  laid  in  concrete  itself  is  a 
matter  to  be  considered  carefully.  There  have  been  for  years  earnest 
advocates  of  this  method,  and  patents  have  been  granted  for  such 
practice;  but,  so  far,  it  has  never  commended  itself  strongly  to  that 
branch  of  the  profession.  It  can  be  readily  seen  that  rails  with  welded 
joints,  firmly  laid  in  concrete,  and  superimposed  on  this  a  pavement 
also  laid  in  concrete,  woiild  be  the  desideratum,  provided  it  can  be 
proved  that  siich  construction  of  itself  is  inherently  correct. 

The  substitution  of  steel  ties  for  Avood,  laid  in  concrete,  also  sug- 
gests itself,  and  it  would  be  futile  to  go  into  the  region  of  specula- 
tion ;  biit  it  is  proper  to  insist,  that  a  practically  permanent  track  is  to 
be  desired,  on  the  part  of  the  public,  for  the  good  condition  of  the 
pavements.  It  must  be  also  desired  by  the  operating  company  on  the 
score  of  economy;  and,  with  a  common  end  in  view,  it  is  natural  to 
assume  that  before  long  both  parties  interested  will  work  together. 

The  foregoing  remarks  apply  to  streets  of  cities,  where  there  is  a 
systematic  practice  of  having  good  pavements,  and  with  a  correspond- 
ing desire  to  keep  them  so.  In  others,  where  there  is  indifference 
and  even  negligence  on  the  subject,  the  railroad  companies,  as  a  busi- 
ness operation,  will  keep  their  tracks  in  fair  condition,  but  the  streets 
themselves  will  become  practically  useless  for  traveling. 

In  the  relation  of  pavements  to  tracks  in  suburban  and  rural  sec- 
tions, the  problem  encountered  is  different  in  character,  but  none  the 
less  complex,  and  as  the  future  of  electric  propulsion  will  be  largely 
in  that  direction,  a  few  ideas  on  that  question  will  not  be  amiss. 

The  elimination  of  the  idea  of  permanency  as  demanded  for  city 
work  will  first  occur.  No  country  highway,  whether  of  earth,  gravel, 
macadam  or  telford,  is  designed  to  give  a  permanent  surface.  The 
theory  of  use  demands  constant  and  incessant  renewals  in  the  sur- 
face, and  breaking  up  and  relaying  the  pavements  themselves  need  not 
inflict  permanent  injury  to  them.  So  both  track  and  roadway  can  be 
considered  purely  in  their  economic  view. 
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If  the  present  practice  of  wooden  ties  be  fonud  to  be  the  most  eco- 
nomical, let  them  be  laid  so,  even  if  track  surfacing  be  constantly  neces- 
sary. The  only  point  to  be  insisted  on  is  that  whatever  road  material  is 
taken  np  shoiikl  be  carefully  relaidand  cared  for  afterward,  to  obviate 
settlement  and  unevenness. 

In  laying  tracks  on  snbui'ban  and  country  highways,  a  few  ideas 
which  suggest  themselves  may  be  noted.  The  original  tracks  for  horse 
cars  were  paved,  as  a  rule,  with  cobble  stones.  Theoretically,  it  gave 
a  better  footing  for  the  horses.  On  the  substitution  of  electric  tracks, 
the  original  cobble  stones  were  relaid  without  forethought.  This 
practice,  of  course,  was  not  long  tolerated,  and  Belgian  block  was 
substituted.  It  was  fotind,  however,  that,  except  in  very  narrow  roads, 
no  travel  ever  came  on  the  pavement  exiept  to  cross  it,  and  telford  or 
macadam  pavements  were  laid  in  the  tracks,  with  an  edging  of  trap 
rock  block  against  the  rails.  Experience  showed  that  blocks  did  not 
wear,  and  the  macadam  did.  The  result  was  that  in  a  short  time  the 
blocks  pi'ojected  1  or  2  ins.  above  the  macadam.  The  later  practice  is 
now  to  leave  out  the  edging  and  use  macadam  entirely.  This,  of 
course,  is  not  applicable  to  steep  grades,  as  the  macadam  will  wash  out 
in  heavy  rains  from  the  concentration  of  the  flow  by  the  rails. 

One  serious  difficulty  encountered  in  the  maintenance  of  macadam 
roads  along  rail  tracks  is  the  localization  of  travel  in  two  parallel  lines 
about  2  to  3' ft.  from  the  outside  rail,  and  it  is  found  that  the  cost  of 
repairs  for  the  same  distance  is  practically  doubled,  as  telford  roads 
originally  requiring  attention  once  in  two  or  three  years  now  have  to 
be  patched  every  year,  and  then  with  less  satisfactory  results. 

One  curious  trouble  found  in  laying  the  block  edging  against  the  rail 
on  telford  roads  was  that  the  sand  designed  to  support  the  blocks  was 
washed  by  the  rains  into  the  interstices  of  the  foundations,  letting  the 
blocks  down.  Very  coarse  gravel  and  cinders  used  as  a  substitute  for 
the  sand  removed  the  difficulty. 

The  concentration  of  travel  into  the  parallel  lines  quickly  caused 
ruts  to  be  made,  a  very  imusual  experience  to  the  author,  and  the 
solution  of  the  difficulty  has  not  yet  been  arrived  at.  Broken  stone  of 
larger  size,  np  to  3  ins.,  is  now  being  tried,  and,  so  far,  is  an  improve- 
ment, but  the  surface  is  rougher.  This  trouble,  of  course,  only 
occurs  when  the  tracks  are  in  the  center,  and  the  driveways  on  the 
side.     This  brings  up  the  question  of  the  location  of  the  tracks,  and  in 
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that  the  practice  is  varied.  In  cities  as  a  rule  the  center  is  the  only 
available  place,  and  opinion  is  well  crystallized  in  favor  of  that  loca- 
tion; but  in  suburban  roads  the  practice  is  varied. 

On  a  50-ft.  roadway,  a  20-ft.  driveway  in  the  center,  a  track  on  each 
side,  and  then  9  ft.  for  access  to  houses,  gives  good  satisfaction,  pre- 
serves the  driveway,  and  lessens  repairs.  In  a  60-ft.  roadway  and  14-ft. 
driveway  outside  the  tracks,  all  the  requirements  are  attained.  In  a 
roadway  of  less  than  50  ft.,  the  tracks  of  necessity  must  be  in  the 
center.  Where  only  one  track  is  laid  on  a  country  road,  the  track 
should  be  on  one  side,  with  switches  towards  the  center. 

The  ideal  road  with  trolley  tracks  is  probably  the  extension  of 
Beacon  Street,  Brookline,  Mass.  One  Avide  roadway  in  the  center,  the 
trolley  tracks  sodded  with  grass,  and  a  driveway  on  each  side  for  local 
access  give  all  the  necessary  facilities  for  the  varying  wants  of  the 
traveling  public. 

In  the  construction  of  Beacon  Street,  the  company  which  owned  the 
land  opened  the  street,  graded  it,  and  was  in  sympathy,  if  not  identical, 
with  the  trolley  company.  The  result  was  perfection;  but  when  a  trolley 
company,  the  municipality  and  the  property-owners  are  pulling  in 
different  directions,  the  doctrine  of  perfection  is  difficult  to  inculcate. 

With  the  unexpected  and  enormous  increase  of  travel  on  street  rail- 
ways due  to  low  fares  and  increased  speed,  and  a  general  appreciation  of 
the  profits  derived  therefrom,  the  public  has  gradually  increased  its 
demands  upon  the  traction  companies  for  the  jjrivileges  conferred. 
The  newness  of  the  plants  has  so  far  rendered  renewals  unnecessary, 
and  repairs  and  the  cost  of  such  repairs  have  not  yet  been  fully 
appreciated;  so  that  whether  the  companies  will  concede  more  to  the 
communities,  or  will  do  less  in  the  future,  cannot  be  fully  predicted. 
Until  then,  no  permanent  status  of  their  relations  can  be  fixed. 

However,  with  the  constantly  increasing  demand  and  insistence  upon 
good  pavements  and  highways,  the  practice,  both  of  track  and  street 
maintenance,  is  bound  to  receive  the  thought  and  consideration  of 
professional  men,  and  if  these  few  remarks  shall  be  conducive  only  to 
that  end,  they  will  not  be  in  vain. 
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WITH  DISCUSSION.* 

When  the  streets  of  cities  were  paved  with  granite  or  trap  blocks, 
laid  on  a  sand  foundation,  with  a  space  varying  from  1  in.  to  2  ins.  be- 
tween the  blocks,  which  was  thought  necessary  to  afford  a  foothold  for 
the  horse  traffic,  the  section  of  the  rail  selected  by  surface  railroad 
companies  did  not  add  materially  to  the  unevenness  of  the  pavement. 
As  a  matter  of  fact,  the  first  rails  used  were  so  much  of  an  improve- 
ment on  the  prevalent  street  pavements  that  the  traffic  early  developed 
a  tendency  to  follow  the  lines  of  the  rails.  As  this  retarded  the  rail- 
road traffic  through  a  natural  unwillingness  on  the  jjart  of  teamsters  to 
pull  out  of  the  track,  the  Hewitt  or  center-bearing  rail.  Fig.  1,  was  in- 
vented, with  the  avowed  purpose  of  preventing  vehicular  traffic  fol- 
lowing the  lines  of  the  rails.  While  this  rail  is  probably  as  obsti'uctive 
to  traffic  crossing  it  at  a  sharp  angle  as  any  street  rail  ever  invented, 

*  The  discussion  on  Papers  Nos.  801  and  802  was  a  joint  one,  and  will  be  found  on 
pages  78  to  132. 
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its  very  brutality  partially  defeated  its  object,  as  a  heavily  loaded 
wagon  once  on  the  line  of  such  rails  leaves  it  with  extreme  reluctance. 
It  is,  however,  largely  employed  on  the  surface  roads  of  the  city  of 
New  York,  and  it  has  required  an  act  of  the  legislature  to  prevent  a 
further  extension  of  its  use.  A  modification  of  this  rail,  Fig.  9,  has 
also  been  introduced,  and  is  used  as  a  girder  rail  on  one  of  the  cable 
lines  in  this  city. 

The  side-bearing  rail  shown  in  Fig.  4  as  a  girder  rail  presents  a 
very  good  wheelway  for  vehicles  once  between  the  rails,  and  thus  far 
is  better  than  the  Hewitt  rail;  but  on  account  of  its  nearly  vertical 
sides,  it  is  very  hard  to  pull  a  loaded  wagon  out  of  the  track,  and  in 
crossing  at  a  small  angle  with  a  light  vehicle  at  any  speed,  the  jerk  is 
about  as  severe  as  on  the  center-bearing  rail.  A  rail  of  this  section  is 
also  used  as  a  strap  rail,  being  spiked  to  longitudinal  stringers,  as  is 
the  center-bearing  rail  generally. 

Figs.  7  and  8  show  sections  that  are  employed  as  guard  rails  on 
curves  and  otherwise.  They  also  are  strap  rails,  and  when  laid  on 
curves,  it  is  almost  impossible  to  make  the  spikes  hold  so  well  that 
water  will  not  splash  out  from  under  them.  The  only  excuse  for  their 
use  is  that  bending  them  costs  less  than  bending  a  girder  rail,  and,  in 
general,  the  use  of  a  strap  rail  on  any  highway  should  be  prohibited 
after  a  near  date  in  all  self-respecting  countries. 

When  permission  was  given  to  lay  a  cable  road  on  Broadway,  in 
New  York  City,  both  the  previously  mentioned  forms  of  rail  were  so 
strenuously  objected  to  that  the  Commissioner  of  Public  Works  pre- 
scribed a  grooved  rail,  as  shown  in  Fig.  5.  This  was  followed  on  the 
Third  Avenue  line  by  a  rail  shown  in  Fig.  2,  and  on  the  Twenty- eighth 
and  Twenty-ninth  Street  road  the  section  shown  in  Fig.  6  was 
adopted.  All  of  these  rails  are  improvements  on  any  of  the  forms  of 
rails  before  mentioned,  but  all  of  them  are  objectionable  in  that  the 
flange  is  lower  than  the  tread,  which  results  in  an  unnecessary  uneven - 
ness  in  the  pavement,  and  in  Fig.  6  the  slot  is  so  narrow  and  the  sides 
so  steep  that  there  is  difficulty  in  keeping  it  clean. 

In  the  spring  of  1895,  the  Metropolitan  Traction  Company,  intend- 
ing to  lengthen  its  lines  materially,  presented  to  the  Commissioner 
of  Public  Works,  through  the  Hon.  John  D.  Crimmins,  at  that  time 
its  managing  director,  a  form  of  rail  which,  after  some  slight  modifica- 
tion, was  adopted.     It  is  shown  in  Fig.  3.     Except  that  the  rail  should 
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liave  been  9  ins.  deep,  instead  of  only  7,  this  section  is  possibly  the 
))est  that  has  been  introduced  in  this  country. 

There  is  abundant  depth  for  the  wheel  flanges,  while  the  curved 
Hange  on  the  rail  allows  obstructions  to  pass  out  easily,  and  materially 
aids  a  narrow-tii'ed  carriage  wheel  in  getting  out,  as,  the  moment  it 
assumes  any  angle,  it  is  lifted  up  the  curve  by  the  reaction  against  the 
nearly  vertical  sides  of  the  tread. 

The  value  of  this  rail  depends  on  the  fact  that  the  slot  is  so  narrow 
that  the  wheels  of  a  truck  cannot  sink  into  it,  and,  with  the  pavement 
just  flush  with  the  tread  and  flange,  there  is  nothing  to  keep  a  wheel 
on  it,  so  that,  not  only  will  there  be  no  difficulty  in  pulling  out  of  it, 
but  horses  will  not  be  constantly  reminded  by  an  increase  of  traction 
that  it  is  their  duty  to  follow  the  line  of  the  rail.  In  fact  where  this 
rail  has  been  laid,  no  wagon  with  a  tire  over  Ij  ins.  wide  has  been 
observed  by  the  author  to  follow  it,  though  when  a  light  wagon  is 
once  in  it,  the  horse  inclines  to  follow  the  rail.  This,  however,  results 
in  minimum  annoyance  to  the  railroad  company,  as  light  vehicles  are 
nearly  always  prompt  to  leave  the  line  of  rails  on  the  approach  of 
a  car,  however  difficult  it  may  be.  One  other  form  of  side-bearing 
rail,  Fig.  10,  is  shown.  This  rail  has  not  been  laid  in  the  City  of  New 
York,  though  the  Commissioner  of  Public  Works  was  approached  by 
a  surface  railroad  company  that  wished  to  lay  it.  It  will  be  noticed 
that  it  is  a  side-bearing  rail,  with  some  of  the  vices  of  the  Hewitt  rail 
added.  Undoubtedly,  if  its  use  had  been  permitted,  it  would  have  ac- 
complished its  object,  namely,  the  conflscation  of  about  15  ft.  of  one 
of  the  principal  lines  of  traffic. 

Heretofore,  where  it  has  been  thought  necessary  to  use  T  rails  in  the 
streets  of  a  city,  for  the  passage  of  either  trains  or  isolated  freight  cars, 
the  stones  have  not  been  paved  near  the  inner  side  of  the  rail,  but  a 
space  of  2  or  3  ins.  between  the  rail  and  the  stones  is  left,  which 
often  becomes  of  profound  depth.  Walter  Katte,  M.  Am.  Soc.  C.  E. , 
Chief  Engineer  of  the  New  York  Central  and  Hudson  River  Railroad, 
devised  the  compound  section  shown  in  Fig.  11.  This  combination 
allows  the  paving  blocks  to  have  a  side-bearing  near  their  toj),  on  the 
flange  side  of  the  rail,  and  prevents  any  wheel  which  parallels  the  rail 
dropping  indefinitely  between  the  paving  blocks  and  the  rail.  The 
clearance  for  the  wheel  flanges,  however,  is  unnecessarily  great,  as  is 
also  the  depth   for  their  accommodation,  and,  on  the  outside  of  the 
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rail,  the  paviug  block  cau  ouly  be  brought  in  contact  with  the  head  of 
the  rail  by  chipping  off  a  corner,  which  every  one  knows  is  extremely 
unsatisfactory,  as  it  is  almost  impossible  to  keep  a  paving  block  in 
position  which  has  been  so  treated. 

Wheu  the  Central  Railroad  Company  of  New  Jersey  applied  to  the 


Commissioner  of  Public  Works  of  this  city  for  permission  to  cross  Elev- 
enth and  Thii'teenth  Avenues  near  Fifteenth  Street,  with  tracks  leading 
from  a  car  ferry  landing  to  its  yard  west  of  Eleventh  avenue,  Mr.  J.  H. 
Thompson,  its  Engineer  of  Construction,  presented  a  combination 
shown  in  Fig.  12.     The  rails  used  were  the  standard  60-lb.  rails  of  the 


NORTH  ON  INFLUENCE  OF  RAILS  ON  PAVExMENTS.  .0 

road,  with  a  cast-iron  filler  between  them,  and  a  corner  of  the  guai*d  rail 
cut  off";  the  lower  flanges  of  these  I'ails,  as  shown,  are  also  planed  off,  and 
the  combination  is  bolted  to  a  wrought-iron  chair.  This  combination, 
it  will  be  observed,  gives  a  nearly  perfect  side-bearing  to  the  paving 
blocks,  so  that  they  can  be  laid  without  chipping,  and  it  is  hoped  will 
keep  their  place  rigorously.  The  cast-iron  filler  is  so  formed  that, 
with  the  planed-off  corner  of  the  guard  rail,  any  wheel  can  get  out  of 
the  slot  with  ease.  The  clearance  between  the  two  rails  is  left  as  wide 
as  it  is,  because  a  part  of  the  track  is  laid  on  a  16^  curve.  This  is  sub- 
mitted as  the  best  combination  yet  offered  by  any  railroad  company 
for  taking  steam  traffic  through  the  streets  of  a  city. 

The  satisfactory  adjustment  of  the  pavement  to  the  rails  presents 
some  difficulties.  Stone  blocks  can  be  solidly  laid  against  wooden 
stringers,  but  the  stringers  soon  rot  sufficiently  to  let  the  rail  down, 
and  the  joint  then  becomes  unsatisfactory.  With  all  girder  rails  of 
such  section  that  both  the  tread  and  top  flange  are  as  Avide,  or  wider, 
than  the  bottom  flange,  hard  terra-cotta  fillers  moulded  to  the  concave 
lines  of  the  section  and  set  in  cement  mortar  give  good  bearings  for  the 
blocks.  It  is  always  advantageous,  however,  to  have  the  height  of  the 
girder  rail  greater  than  the  dej)th  of  the  paving  blocks.  In  setting 
these  blocks  the  surface  of  the  concrete  should  be  left  low,  and  the 
blocks  next  the  rails  laid  in  cement  mortar.  All  ramming  should  be 
done  before  the  initial  set  of  the  cement. 

An  asphalt  pavement  cannot  be  laid  successfully  against  a  wooden 
stringer  ;  in  such  cases  toothing  blocks  are  a  necessity.  With  girder 
rails  the  noise  from  toothing  blocks  may  be  obviated  by  their  omission. 
The  first  cost  is  less,  but  the  maintenance  account  will  be  greater,  as 
the  rails  so  absorb  and  hold  the  heat  during  hot  summer  days  that  the 
asphalt  next  to  them  is  kept  soft  for  some  time  after  sundown,  and  if  the 
traffic  follows  the  rails,  a  crease  is  formed  that  requires  repairs,  which 
the  railways  are  generally  slow  to  make.  When  granite  toothing  is 
laid,  it  is  better  to  lay  alternating  blocks  of  6  and  12-in.  lengths  at 
right  angles  to  the  rail.  Eight-inch  headers  and  stretchers  are  some- 
times laid,  but  they  are  not  economical,  except  on  streets  of  very  light 
traffic. 

In  place  of  granite  or  brick  toothing  a  steel  plate  about  f  in.  thick 
and  3  ft.  wide,  punched  with  staggered  holes,  has  been  offered.  As 
the    arrangement    was   patented,  its  specification    in    any    contract 
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with  the  city  was  prohibited  l)y  law.  A  small  piece  of  this  plate  was 
laid  in  Chambers  Street,  where  it  was  very  satisfactory,  preventing  the 
formation  of  any  rut. 

While  the  section  of  rail  adopted  for  most  of  the  surface  roads  is 
obstructive  to  the  rights  and  interests  of  the  public,  the  style  in  which 
the  space  between  the  rails  and  between  the  tracks  is  maintained  is 
often  intentionally  made  much  more  obstructive.  The  laws  of  the 
State  of  New  York,*  make  it  obligatory  on  all  surface  roads  to  jiave 
and  keep  in  repair  the  space  between  the  rails  and  tracks  and  2  ft. 
outside  of  the  same,  but  it  provides  no  adequate  penalty  for  non- 
compliance with  the  law.  The  only  recourse  known  in  the  City  of 
New  York  is  to  pave  the  space  and  charge  it  to  the  x-ailway  company, 
or  to  leave  the  area  to  the  public  spirit  of  the  corporations.  Eighth 
Avenue  from  Thirteenth  to  Fifty-ninth  Street  shows  the  result  of  one 
course  ;  the  other  method  has  resulted  in  hills  aggregating  decidedly 
over  $700  000  accumulating  against  the  siirface  railways  on  Manhattan 
Island  from  1889  to  1895,  both  years  inclusive. 

What  may  be  termed  the  Eighth  Avenue  method  has  resulted  in  a 
pavement  between  the  rails  that  is  seldom  used  by  even  the  most  stolid 
truckman,  while  the  space  between  the  tracks  defies  traffic  of  all  kinds. 
That  company  has  in  effect  sequestered  a  strip  on  Eighth  Avenue 
over  2  miles  long  and  about  17  ft.  wide,  with  no  other  warrant  than  a 
right  of  way  for  its  cars.  The  injury  to  the  property  on  that  avenue 
and  the  increased  cost  of  transportation  in  the  city  is  so  great  that  it 
seems  inexplicable  that  no  grand  jury  should  have  found  a  bill  against 
the  perpetrators  of  so  malicious  an  outrage. 

On  the  other  hand,  the  plan  of  charging  the  cost  of  an  improved 
pavement  against  the  company,  whose  income  is  augmented  by  the 
increased  value  and  greater  circulation  that  follows  better  pavements, 
has  cost  the  city  on  an  average  over  ifflOO  000  per  annum  for  the  past 
seven  years.  This  money  has  been  taken  from  the  resources  of  the  tax- 
Ijayers,  but  it  does  not  follow  that  it  has  resulted  in  a  like  gain  to  the 
corporations  which  so  jiersistently  and  successfully  defy  the  laws  of 
this  State. 

It  might  not  be  worth  while  to  occupy  the  attention  of  the  Society 
Avith  this  question  if  it  was  a  local  one,  but  both  in  cities  and  on 
country  roads  the  surface  railways,  whether  actuated  by  horse-power 

*  Chapter  565,  Section  98,  Laws  of  1890,  as  amended  by  Chapter  676,  Laws  of  1892. 
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or  electricity,  devastate  the  highway,  using  an  easement  for  a  right  of 
way  on  the  roads  and  streets  with  a  haughty  disregard  of  the  rights 
of  others  that  should  not  be  allowed  if  they  were  held  in  fee.  In 
spite  of  low  freight  rates  on  railroads  and  water-courses,  this  country 
has  been  injiired,  and,  to  some  extent,  impoverished,  through  the  high 
cost  of  transportation  on  country  roads,  consequent  ujjon  their  generally 
wretched  condition.  Concurrently  with  a  general  effort  to  so  improve 
the  surface  of  roads  and  streets  that  both  transportation  and  circula- 
tion shall  be  cheaper  and  pleasanter,  the  success  of  these  efforts  are 
found  to  be  threatened  by  the  legal  inability  of  local  authorities  to 
force  owners  of  surface  roads  to  maintain  the  area  within  and  about 
theii"  tracks  in  fair  condition. 

Some  surface  roads  have  procured  charters  which  do  not  require 
them  to  maintain  the  pavement  in  and  about  their  tracks.  These 
claim  that  no  additional  burden  can  be  laid  on  them.  If  this  pro- 
position is  correct,  it  would  seem  to  a  layman  that  no  increased  rate  of 
taxation  could  be  levied  against  this  property,  but  there  seems  nothing 
to  prevent  legislation  which  will  allow  municipalities  and  local  oflScers 
in  charge  of  roads  prompt  redress  against  corporations  that  now 
occupy  the  time  of  our  courts  in  successful  efforts  to  slight  a  duty 
imposed  by  their  charters,  or  by  general  laws  under  which  they  are 
incorporated.  Nor  is  there  anything  to  prevent  such  legislation  as  will 
require  those  who  are  exploiting  new  roads,  which  will  occupy  high- 
ways, to  pave,  maintain  and  repave  a  much  larger  portion  of  the  road 
or  street  than  at  present. 
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DISC  USSION. 


Mr.  Lewis.  Nelson  P.  Lewis,  M.  Am.  Soc.  C.  E. — The  pre-emjjtion  of  the  most 
important  streets  of  cities  to-day  by  railroad  corporations,  with  no 
regard  for  the  purposes  for  which  such  streets  were  primarily  designed, 
the  failure  of  the  companies  to  live  up  to  their  charter  obligations 
as  to  maintenance  of  pavements,  and  the  frequemt  indifference  and 
almost  universal  inability  of  public  officials  to  secure  from  them  a 
proper  performance  of  their  obligations,  is  one  of  the  most  con- 
spicuous defects  in  modern  municipal  government  in  America.  The 
manner  in  which  sweeping  franchises  have  been  granted  for  an  in- 
definite period  for  the  o.ccupation  of  the  streets,  with  no  attempt  to 
l^rotect  the  interests  of  city  or  citizen,  can  be  characterized  only  as  a 
stupendous  piece  of  municipal  folly,  if  not  of  municipal  crime.  There 
can  be  no  proper  reason  why  any  future  grants  of  this  character  should 
not  be  made  for  a  fixed  period,  upon  the  expiration  of  which  the  road- 
bed and  rails,  if  not  the  equipment,  should  become  the  projjerty  of  the 
city,  and  all  corporate  or  private  rights  in  or  to  the  streets  become  extin- 
guished. However,  conditions  must  be  accepted  as  found.  The  charter 
and  franchises  have  already  been  granted,  and  it  is  extremely  probable 
that  many  more  miles  of  street  railroads  will  be  built  with  no  further 
restrictions  than  have  already  been  imposed. 

The  questions  now  presented  are:  the  proper  construction,  of  such  a 
character  that  it  is  possible  to  maintain  a  modern  pavement  along  and 
between  the  tracks,  and  a  guaranty  of  subsequent  maintenance  of 
pavement  as  well  as  track  by  the  railroad  company. 

In  construction  the  objects  to  be  attained  are  durability,  in  order 
that  the  street  surface  need  not  be  perpetually  torn  up  for  repairs,  and 
the  selection  of  a  form  of  rail  which  will  offer  no  obstruction  to  vehicles 
traveling  along  or  across  it,  but  will  not  invite  them  to  follow  it,  and 
will  not  materially  break  the  uniformity  of  surface  of  the  pavement. 
The  introduction  of  electricity  as  a  motive  power,  with  the  enormous 
increase  in  the  weight  of  cars,  has  resulted  in  the  use  of  extremely 
heavy  rails  weighing  from  90  to  100  lbs.  per  yard.  The  common 
method  of  track  building  with  these  rails  presents  a  curious  anomaly. 
Wooden  cross-ties  are  jjlaced  upon  soft  earth  and  brought  to  a  tem- 
porary surface  by  careless  tamjjing.  Upon  them  are  laid  heavy  9-in. 
girder  rails,  and  the  pavement  is  restored.  It  is  only  a  matter  of  weeks 
or  months  before  the  tracks  require  resurfacing,  and  a  perpetual  tear- 
ing up  of  the  pavement  begins  and  continues  for  an  indefinite  period. 
Attempts  have  been  made  to  improve  tipon  this  by  laying  a  bed  of  con- 
crete not  less  than  6  ins.  in  depth  beneath  the  cross-ties,  which  are 
embedded  in  concrete.  This  has  been  done  in  Cincinnati,  where  sawed 
white  oak  ties  are  used,  and  the  concrete  is  carried  to  the  tops  of  the 
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ties  where  granite  pavement  is  to  be  laid,  or  within  3  ins.  of  the  top  of  Mr.  Lewis. 
the  rail  in  the  case  of  asphalt.  Mr.  H.  J.  Stanley,  City  Engineer, 
states  that  in  over  40  miles  of  this  construction  which  has  been  down 
several  years  no  weak  spots  have  develoijed.  Full-grooved  girder  rails 
are  used,  6  ins.  deeja  on  asphalt  streets,  and  8  ins.  deep  when  granite 
or  brick  are  to  he  used,  and  weighing,  respectively,  86  and  95  lbs.  per 
yard.  Of  course  this  is  very  expensive,  but  the  railroad  companies 
seem  satisfied  with  the  results.  Samuel  Whinery,  M.  Am.  Soc.  C.  E., 
writes  that  in  his  opinion,  a  "  broken  stone  foundation  is  entirely  suf- 
ficient, aud  it  offers  opportunity  for  drainage,  which  is  of  advantage." 

In  Toronto,  Canada,  under  the  direction  of  E.  H.  Keating,  M.  Am. 
Soc.  C.  E.,  what  seems  a  further  advance  has  been  made  in  dispensing 
with  the  cross-ties  altogether  aud  laying  7-in.  grooved  girder  rails 
directly  upon  a  bed  of  concrete  extending  across  the  whole  roadway, 
the  concrete  being  api^arently  of  the  same  thickness  and  quality  under 
the  rails  as  on  the  remainder  of  the  roadway,  the  rails  being  kept  to 
gauge  by  2i  xf-in.  tie-rods.  Mr.  Keating  says  that  the  results  in  this 
case  have  been  very  satisfactory.  In  Minneapolis  and  St.  Paul,  the 
rails  are  laid  on  a  longitudinal  beam  of  Portland  cement  concrete. 

In  the  opinion  of  the  speaker  the  substitution  of  Portland  cement 
concrete  for  perishable  wooden  cross-ties,  as  a  support  for  the  rails,  is 
an  important  step  towards  a  permanent  track  construction  which  will 
avoid  the  constant  opening  of  the  pavement  for  repairs. 

Next  as  to  the  form  of  rail  to  be  used.  The  side-bearing  girder  rail 
so  generally  in  use  at  present  divides  the  street  pavement,  if  laid  flush 
with  the  tread  on  one  side  and  the  flange  on  the  other,  into  five  sec- 
tions, two  of  which  are  from  1  to  IJ  ins.  below  the  remaining  three; 
while  in  case  granite  blocks  between  the  rails  are  laid  at  the  level  of 
the  tread  four  troughs  about  3  ins.  wide  will  be  left  in  the  pavement. 
In  either  case  the  broad  head  presents  irresistible  attractions  to  the 
drivers  of  heavily  loaded  vehicles.  The  first  efforts  to  remedy  this 
trouble  were  naturally  by  the  adoption  of  a  grooved  rail.  The  full- 
grooved  rail,  however,  inwhich  the  flange  and  the  tread  are  at  the  same 
elevation,  was  and  is  strongly  opposed  by  the  railroad  companies  on 
account  of  the  difiiculty  of  keeping  the  slot  clean,  and,  it  is  claimed, 
of  the  danger  due  to  inability  to  stop  the  cars  quickly  when  the 
openings  become  filled  with  horse  droppings,  etc.,  and  the  great  wear 
on,  and  breaking  of,  the  wheel  flanges  when  the  groove  is  narrow. 
Grooved  rails  are  being  used  to-day  in  a  number  of  cities,  including 
Washington,  Cincinnati,  Detroit  and  Buffalo,  in  which  last  a  half- 
grooved  rail  (Fig.  13)  was  voluntarily  adopted  by  the  traction  com- 
panies. The  real  reason  for  the  objection  is  probably  the  greater  cost 
of  this  form  of  rail.  Few  of  the  grooves  are  so  narrow  that  Avheels 
of  light  wagons  will  not  get  into  them,  and  if  the  form  recommended 
by  Mr.  North  and  shown  in  Fig.  3  be  used,  the  writer  fears  that  the 
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Mi-.  Lewis,  noise  made  bv  Avheels  grinding  along  the  curved  flange  and  falling 
back  into  the  grooves  will  be  the  cause  of  much  complaint. 

When  electric  traction  was  introduced  in  Brooklyn,  the  company 
operating  a  very  large  proportion  of  the  total  mileage  of  surface  lines 
adopted  what  was  known  as  the  Lewis  &  Fowler  girder  rail,  shown  in 
Fig.  14.  The  mixnicipal  authorities  appear  to  have  acquiesced  either 
from  indifference  or  because  the  rail  appeared  to  be  a  favorable  one  to  lay 
pavement  against.  It  would  be  difficult  to  design  a  section  having  the 
same  amount  of  metal  so  disposed  as  to  be  less  effective,  and  the  failure 
which  might  have  been  predicted  soon  resulted.  A  serious  objection 
to  this  form  of  rail  was  the  noise  caused  by  vehicles  running  on  it  when 
the  wheels  crowded  first  one  side  and  then  the  other;  the  sound  can  be 
best  described  as  a  shriek. 

There  were  at  one  time  about  124  miles  of  single  track  on  this  system 
laid  with  this  rail,  and  there  are  now  96j  miles,  while  there  have  been 
laid  101  i  miles  of  9-in.    side-bearing  girder,   weighing  94  lbs.  to  the 


Fig.  13. 


Fig.  14. 


yard.  The  side-bearing  girder  is  less  objectionable  in  that  less  fre- 
quent rejiairs  are  required,  but  it  breaks  the  surface  of  the  pavement 
in  a  disagreeable  way,  and  wagons  tend  to  follow  the  rails  and  leave 
them  with  reluctance. 

All  the  surface  railroad  companies  in  Brooklyn  have  been  notified 
that  no  more  rail  of  this  type  can  be  laid,  and  they  have  been  requested 
to  confer  with  each  other,  and  submit  designs  for  a  standard  section 
of  a  grooved  rail  or  some  form  which  Avill  admit  of  the  pavement  on 
both  sides  of  the  rail  being  maintained  at  the  same  level. 

The  writer  is  of  the  opinion  that  in  many  cases  there  can  be  no 
reasonable  objection  to  the  use  of  a  T-rail  7  or  9  ins.  in  depth.  Kent 
Avenue,  upon  which  are  located  large  sugar  refineries,  sustains  a  very 
heavy  traffic.  Loaded  trucks  almost  invariably  travel  with  two  wheels 
on  the  rails,  while  the  other  two  soon  cut  a  deep  rut  in  the  paving 
blocks  about  15  ins.  outside  the  outer  rail,   so  that  granite  pavement 
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laid  upon  sand  cannot  be  kept  in  passable  condition  for  more  than  Mr.  Lewis, 
two  years.  The  American  Sugar  Refining  Company  and  the  Brooklyn 
Heights  Railroad  Company  oft'ered  this  year  to  contribute  one-half  of 
the  expense  of  laying  a  new  granite  pavement  on  a  Portland  cement 
concrete  foundation.  It  would  have  seemed  wise  to  defer  this  im- 
provement until  some  form  of  rail  should  be  adopted  which  would 
present  no  obstriiction  to  wagons,  and  yet  offer  no  inducements 
to  them  to  follow  it.  One  track,  however,  has  been  relaid,  and  one  ' 
side  of  the  street  paved  this  year.  The  writer  has  suggested  to  the 
railroad  company  the  adoj^tion  of  the  form  of  construction  shown  in 
Fig.  15.  for  the  remaining  track.  The  rail  is  a  9-in.  T,  weighing 
78  lbs.  per  yard,  should  be  in  60-ft.  lengths,  and  laid  with  cast-welded 
joints.  Tie  bars  at  intervals  of  about  10  ft.  would  prevent  spreading. 
The  rail  would  undoubtedly  last  twice  as  long  as  that  used  in  the  other 
track,  there  would  be  almost  no  break  in  the  surface  of  the  pavement,  * 

and  no  obstruction  to  the  passage  of  vehicles  along  or  across  it,  while 
they  could  not  follow  it,  and  the  traffic  woiild  be  more  evenly  distrib- 
uted over  the  entire  paved  surface.  The  blocks  next  to  the  rail  would 
be  set  in  cement  mortar,  and  those  on  the  inside  would  have  the  coi"- 
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ners  slightly  chamfered  off,  giving  room  for  the  wheel  flanges.  While 
it  may  be  almost  imj)ossible  to  keep  a  paving  block  from  which  the 
corner  has  been  chipped  in  position  along  the  inside  of  a  side-bearing 
rail  when  every  wheel  turning  out  of  the  track  has  to  mount  the 
block,  there  is  no  reason  why  such  blocks  cannot  be  kept  in  position 
along  the  rail  proposed,  nor  why  the  wear  should  be  very  great.  A 
trial  under  these  conditions  would  soon  demonstrate  the  merits  or  de- 
fects of  this  form  of  construction. 

There  is  little  doubt  but  that  such  a  rail  laid  in  this  manner  would 
give  very  satisfactory  results  in  connection  with  asphalt  pavement.  A 
street  in  Minneapolis  upon  which  track  was  so  laid  was  paved  with 
asphalt  carried  close  to  the  rails  on  both  sides,  and  the  flange  groove 
was  formed  by  running  a  heavily  loaded  car  over  it  as  soon  as  the  as- 
phalt had  been  laid  and  rolled.  F.  W.  Caj^pelen,  M.  Am.  Soc.  C.  E., 
states  that  the  asphalt  has  not  as  yet  wrinkled  or  disintegrated  along 
the  rail.  The  use  of  unsightly  granite  or  other  toothing  is  thus 
avoided,  and  the  asphalt  will  be  much  less  difficult  to  maintain  than 
it  is  when  laid  along  the  side-bearing  girder. 
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Mr.  Lewis.  The  cast-welded  joints  above  referred  to  can  no  longer  be  called  an 
experiment.  One  railroad  company  in  Brooklyn  had  about  1  600  of 
them  made  on  new  9-in.  girder  rails,  of  which  but  one  has  failed  in. 
the  six  months  of  service  to  which  they  have  been  subject.  The  cost 
was  $S  75  each.  Another  company  had  over  2  000  joints  made  on  old 
4^-in.  girder  rail,  about  40  of  which  have  broken.  This  method  of 
making  joints  is  undoubtedly  more  successful  with  new  and  deep  rails 
than  in  the  case  of  old  and  lighter  ones. 

For  suburban  lines  and  on  macadamized  streets  and  roads  a  T-rail 
laid  on  cross-ties  will  doubtless  give  good  satisfaction,  toothing  of 
granite  blocks  being  used  along  the  rails  on  heavy  grades  to  prevent 
the  washing  out  of  the  macadam.  Even  though  it  should  require  more 
care  to  keep  a  stone  pavement  in  rej^air  along  rails  of  this  section,  the 
resulting  economy  to  the  railroad  company  through  the  longer  life  of 
the  rail  would  more  than  compensate  them. 

Good  track  construction  is  a  question  in  which  the  railroad  cor230- 
rations  and  the  municipality  are  both  interested,  so  that  it  should  not 
be  very  difficult  of  attainment.  Not  so  with  the  maintenance  of  the 
pavement  after  the  tracks  have  been  built.  The  railroad  comi^anies 
will  do  no  more  than  they  are  required,  and  nothing  if  they  can  avoid 
it.  The  conditions  prevailing  in  any  one  city  will  be  of  more  interest 
than  general  statements. 

The  charters  held  by  the  Brooklyn  companies  provide  that  they 
' '  shall  at  all  times  keep  in  good  repair  the  pavement  of  the  streets 
through  which  their  rails  may  be  laid,  between  the  tracks  and  for 
three  feet  on  each  side  thereof."  This  has  been  interpreted  by  the 
companies  to  mean  that  they  shall  restore  the  pavement  to  as  good 
condition  as  it  was  in  before  the  tracks  were  laid,  but  that  when  the 
sides  of  the  street  are  relaid  with  a  new  pavement  they  cannot  be  asked 
to  make  a  corresponding  change  in  that  part  between  their  tracks. 

The  president  of  one  of  the  principal  systems  in  Brooklyn,  upon 
applying  for  a  permit  to  lay  new  rails  upon  one  of  the  widest  streets  in 
the  city,  the  sides  of  which  had  just  been  paved  with  granite  without 
expense  to  his  company,  was  told  that  he  should  in  relaying  the 
pavement  substitute  granite  for  cobblestone.  He  protested  against 
being  compelled  to  do  so,  and  seriously  gave  as  a  reason  that  if  the 
pavement  between  the  tracks  should  be  such  as  to  attract  travel  to  it 
there  would  be  much  greater  danger  of  those  using  it  being  injured  by 
his  cars.     The  tracks  were  rebuilt  and  the  cobblestones  were  relaid. 

The  Brooklyn  charter  in  providing  for  the  rej)aving  of  streets  says:: 
"  That  no  street  or  avenue  over  or  through  which  a  railroad  is  operated 
shall  be  so  repaved  unless  the  owner  or  owners  of  the  franchise  of  such 
railroad  shall  first  contribute  a  just  and  reasonable  portion  of  the  ex- 
pense thereof,  to  be  determined  by  the  Commissioner  of  City  Works. "' 
This  requirement  has  been  generally  ignored  and  many  miles  of  granite? 
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pavement  have  been  laid  njion  railroad  streets  towards  the  expense  of  Mr.  Lewis, 
which  the  companies  have  contributed  nothing.  Within  tlie  last  two 
years,  however,  they  have  done  somewhat  better.  One  company  has 
contributed  one-fourth  of  the  entire  expense  of  repaving  five  important 
thoroughfares.  Two  other  companies  declined  to  contribute  anything, 
and  after  the  work  was  completed  suit  was  brought  against  them  for 
the  cost  of  that  portion  of  the  new  pavement  between  their  tracks  and 
rails.  It  is  needless  to  say  that  the  suits  have  not  yet  come  to  trial. 
The  local  improvement  law  enacted  in  1895  jarovides  "  that  in  all  cases 
when  a  surface  railroad  is  laid  and  operated  through  any  such  street, 
one-fourth  of  the  cost  of  such  repavement  shall  be  assessed  upon  siich 
railroad,  and  one-fourth  thereof  on  the  other  property  benefited  within 
the  district  of  assessment,''  the  remaining  half  being  paid  by  the  city 
at  large.  One  street  has  been  repaved  with  granite,  and  one  with 
asphalt  under  this  law,  and  the  assessment,  being  a  lien  upon  the  rail- 
road, can  be  collected.  This  only  provides  for  repaving  where  an 
assessment  is  laid  upon  private  proj^erty  for  a  portion  of  the  cost. 
Upon  streets  where  an  assessment  has  once  been  laid  for  an  improved 
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pavement  the  entire  cost  is  j^aid  by  the  city,  and  there  is  nothing  but 
the  charter  provision  calling  for  a  contribution  from  the  railroad  com- 
panies, and  that  is  so  indefinite  in  its  requirements  that  it  amounts  to 
but  little. 

With  more  jjerfect  track  construction  and  the  use  of  a  rail  which 
will  not  be  followed  by  vehicles,  nearly  all  the  traffic  will  follow  the 
sides  of  the  street  and  the  pavement  between  the  tracks  will  not  require 
as  frequent  renewal  as  that  outside.  Much  has  been  accomplished 
recently,  however.  The  continuity  of  the  asphalt  pavement  was  broken 
by  railroad  crossings  in  a  disagreeable  manner,  especially  for  drivers 
and  wheelmen.  At  twenty-five  such  intersections  the  railroad  com- 
panies have  paid  the  cost  of  paving  the  entire  spaces  between  their 
rails  and  tracks.  The  manner  in  which  the  pavement  was  laid  along 
the  rails  is  shown  by  Fig.  16,  square  cut  granite  blocks  having  been 
laid  in  Portland  cement  mortar  along  the  inside  of  each  rail,  and  the 
joints  filled  with  grout.  The  blocks  were  set  at  the  elevation  of  the 
tread  of  the  rail.  Pieces  of  granite  of  the  same  thickness  and  depth 
but  3  or  4  ft.  long  were  used  in  several  cases,  but  the  results  were  not 
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Mr.  Lewis,  as  good  as  when  paving  blocks  12  to  14  ins.  in  length  were  used.  The 
result  has  been  very  satisfactory,  and  there  is  scarcely  any  perceptible 
shock  in  riding  across  them.  On  several  streets  where  the  sides  are 
paved  with  asphalt  and  the  track  spaces  with  stone,  the  granite  tooth- 
ing has  been  removed  by  the  railroad  companies,  and  the  asphalt  car- 
ried directly  up  to  the  outside  of  the  rail,  greatly  improving  the 
appearance  of  the  street.  The  suggestion  that  this  should  be  done  at 
the  expense  of  the  railroad  companies,  would,  three  years  ago,  have 
been  ridiculed  by  them. 

This  problem  must  be  solved  under  the  authority  of  the  laws  as 
they  exist  at  present,  unless  they  can  be  modified.  These  are  unsatis- 
factory, but  notwithstanding  this  fact,  if  the  whole  matter  could  be 
placed  in  the  hands  of  municipal  engineers,  who  were  unembarrassed 
by  the  consciousness  or  hope  of  a  political  future,  and  taken  up  by 
them  with  firmness  and  fairness  towards  the  corporations,  there  would 
soon  be  a  marked  change  for  the  better. 
Mr.  Pratt.  Mason  D.  Pkatt,  Assoc.  M.  Am. 
Soc.  C.  E.— In  studying  the  sub- 
ject of  the  best  form  of  rail  and 
track  construction  for  city  streets 
where  traffic  is  heavy,  some  aid 
may  be  had  by  looking  carefully 
into  the  existing  conditions,  and 
seeing  what  effect  the  several  sec- 
tions of  rail  have  had  on  the  pave- 
ments as  laid.  This  may  lead  to 
modifications  of  the  sections  which 
will  tend  to  prevent  any  injurious 
effects.  Fig.  17. 

Fig.  17  shows  the  rail  of  the  old  horse-car  tracks  in  New  York  City, 
which  have  by  far  the  greatest  mileage  to  day.  The  time  for  their  re- 
construction is  rapidly  approaching,  as  New  York  is  far  behind  all  the 
other  large  cities  in  the  matter  of  improved  traction.  The  drawing 
very  clearly  shows  the  objectionable  features  mentioned  by  Mr.  North, 
when  the  pavement  is  laid  to  line  with  the  toj?  surface  of  the  rail.  In 
many  cases  the  pavements  have  gone  down,  and  the  entire  head  of  the 
rail  projects  above  the  general  street  surface. 

Fig.  18  is  a  partial  section  of  the  Broadway  cable  road.  It  is 
not  peculiar  to  any  one  portion  of  the  road,  but  fairly  rej^resents  the 
conditions  for  the  major  part  of  its  length.  The  paving  blocks  rest 
on  a  concrete  bed,  with  but  an  inch  of  sand  between,  giving  a  prac- 
tically unyielding  bed.  The  illustration  clearly  shows  the  adhesion 
to  an  old  practice  in  paving,  where  the  foundation  was  not  so  well 
made  and  was  of  a  more  yielding  nature;  reference  is  made  to  the 
height  of  the  leaving  blocks  above  the  head  of  the  rail.     In  pave- 
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ments,  as  ordinarily  laid,  it  is  expected  that  they  will  sink  more  or  Mr.  Pratt, 
less  under  the  action  of  traffic  and  weather,  and  it  was  customary  to 
set  the  stones  i  in.  or  more  above  the  rail.  The  wisdom  of  so  doing 
was  realized  when  the  blocks  did  sink,  often  not  stopping  at  the  rail 
level.  This  will  be  found  to  be  the  case  with  many  of  the  old  tracks, 
like  Fig.  17,  which  shows  the  pavement  in  its  best  condition.  In  the 
case  of  the  Broadway  road,  and  all  others  where  there  is  a  concrete 
base,  the  pavement  has  remained  just  where  it  was  put,  with  the  re- 
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Fig.  19. 


Fig.  20. 


Fig.  31. 


suit  that  there  is  a  deep  rut  along  each  line  of  rails,  the  bottom  of 
which  is  on  a  level  with  the  rail  head  or  tram.  The  same  is  true  of 
the  track  of  the  Third  Avenue  cable  road.  Fig.  19,  and  will  be  so  of 
the  tracks  now  being  laid  in  First  Avenue  in  asphalt  with  granite 
toothing  block.  Fig.  20. 

Fig.  21  shows  part  of  a  track  laid  with  the  improved  rail  men- 
tioned by  Mr.  North,  in  asjjhalt  pavement  in  One  Hundred  and  Sixth 
Street.     This  is  a  very  broad  street,  no  cars  have  ever  run  on  these 
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Mr.  Pratt,  tracks,  aud  the  street  traffic  is  very  light,  so  there  is  no  guide  as  to 
what  the  results  would  have  been  under  the  conditions  existing  in 
most  of  the  streets  in  the  city. 

Fig.  22  shows  a  part  of  a  cable  track  in  asphalt  pavement  in  One 
Hundred  and  Sixteenth  Street.  The  hollow  on  the  inside  of  each  track 
rail  shows  where  the  wear,  due  to  vehicular  traffic,  has  been  con- 
centrated. 

It  will  be  admitted,  of  course,  that  the  most  desirable  condition 
for  the  surface  of  a  street  is  one  uninterrupted  by  ruts,  grooves  or 
other  irregularities.  It  will  also  probably  be  admitted  that  the 
greatest  life  will  be  had  from  a  pavement  where  the  traffic  is  distrib- 
uted over  its  entire  surface,  and  that  the  pavement  will  suffer  most 
when  the  traffic  is  concentrated  along  certain  portions.  The  greatest 
damage  is  done  to  pavements  by  trucks  and  other  heavy  vehicles,  and 
it  is  they  that  are  constantly  seeking  the  path  of  least  resistance. 
This  is,  of  course,  along  the  rails,  and  where  the  rail  is  of  such  form 
that  the  tram,  or  guard  portion,  is  lower  than  the  head,  no  matter 
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how  little,  there  is  a  guiding  shoulder  which  keeps  the  wheels  in  the 
tracks  without  any  effort  on  the  part  of  the  driver.  Comparatively 
few  of  the  heavy  trucks  and  drays  have  the  same  gauge  of  wheels  as 
the  railway  tracks,  but  this  in  no  way  prevents  their  following  the 
tracks,  for  one  wheel  will  ride  on  the  shelf  of  the  rail,  while  the  other 
follows  a  parallel  path  just  outside  the  other  rail.  As  there  are  many 
trucks  of  each  class,  it  will  be  found  that  this  concentration  of  wear 
has  its  effect  in  an  appreciable  trough  along  the  outer  rail  and  about 
6  to  10  ins.  away. 

The  same  resiilt  will  be  had  in  the  case  of  the  improved  form  of 
rail.  Fig.  23,  where  the  ijaveinent  is  laid  as  shown  by  Fig.  20. 

The  head  of  a  perfect  rail  should  be  level,  with  a  groove  or  flange- 
way  only  sufficiently  large  to  pass  the  wheel  flange  freely,  and  of  such 
shape  that  dirt,  ice  aud  similar  obstructions  will  be  easily  worked  out 
by  the  flanges  themselves.  The  groove  in  the  rail,  Figs.  23,  24  and 
25,  does  this  admirably.  Fig.  26  is  the  section  of  rail  adopted  in 
Washington,  D.  C,  where  all  the  streets  are  paved  with  asphalt  and 
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kept  clean.     The  wheel  flanges  are  necessarily  smaller  than  those  in  Mr.  Pratt, 
general  use  elsewhere. 

There  is  one  peculiar  feature  in  the  three  sections  just  mentioned, 
namely,  the  extended  lip  on  the  tram.  Just  what  use  this  serves  it  is 
difficult  to  see.  It  is  possible  that  it  had  its  origin  in  the  idea  that 
the  immense  traffic  concentrated  along  the  Broadway  cable  and  other 
roads  required  a  more  substantial  track  than  that  offered  by  the  lip  of  the 
rail  in  use  on  that  road.  This  would  be  the  case  if  it  had  been  left  at  a 
lower  elevation  than  the  head,  as,  for  instance,  in  the  section  shown 
in  Fig.  24,  but  as  before  stated,  it  is  for  the  good  of  the  pavement 
that  the  street  traffic  be  not  invited  to  follow  the  track.  When  the 
rail  head  is  level  and  the  pavement  laid  flush  with  it,  there  is  noth- 
ing to  guide  traffic  along  the  tracks,  and  it  will  wander  from  the  rail 
and  distribute  itself  over  more  of  the  street  surface.  This  being  the 
case,  there  is  no  use  whatever  for  a  broad  lip,  which  but  adds  so  much 
more  to  the  smooth  steel  surface  for  horses  to  slip  on. 
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The  Society  was  instrumental,  a  few  years  ago,  in  throwing  con- 
siderable light  on  the  question  of  standard  rail  sections  for  steam 
roads,  and  it  is  reasonable  to  think  that  a  similar  investigation  into 
this  subject  may  result  in  even  more  good  to  the  street  railways. 

George  E.  Waring,  Esq.  * — A  calculation  recently  made,  which  may  Mr.vt^armg. 
seem  extravagant,  although  the  facts  will  sustain  it,  shows  that  if  all 
the  streets  in  New  York  City  of  suitable  grade  were  asphalted,  and  if 
all  the  street  railway  tracks  were  like  that  shown  in  Fig.  21,  with  no 
considerable  space  to  receive  dirt  and  make  them  difficult  to  sweep,  the 
$1  200  000  now  paid  out  annually  for  street  sweeping  alone  would  be 
reduced  to  $700  000.  This  shows  that  the  City  of  New  York  could 
very  well  aflford,  at  its  own  cost,  to  set  aside  all  questions  of  the  obliga- 
tions of  railroad  companies,  and  reconstruct  all  city  railways  on  which 
the  tracks  are  not  now  what  they  should  be. 

*  Commissioner  of  Street  Cleaning,  New  York  City. 
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Mr.  Reed.  W.  BoARDMAN  Reed,  Assoc.  M.  Am.  Soc.  C.  E. — The  subject  of  rails 
for  street  railways,  and  especially  their  influence  on  street  pavements, 
is  one  that  has  received  but  little  attention  from  engineers  until  within 
a  few  years;  but  the  recent  great  increase  in  mileage  of  street  railways, 
the  growing  demand  for  good  roads,  the  fact  that  the  weight  of  rolling 
stock  can  well  be  compared  with  that  on  steam  roads,  and  the  almost 
phenomenal  increase  of  traffic  on  street  car  lines,  makes  it  well  worthy 
of  attention. 

Whether  the  prime  object  of  the  designers  of  the  center-bearing  or 
Hewitt  rail  was  to  keep  trucks  and  other  vehicles  from  following  the 
tracks  the  speaker  could  not  say,  though  that  seems  to  be  the  gener- 
ally accepted  oi^iniou.  If  so,  it  certainly  failed  to  accomplish  this  re- 
sult, for  in  New  York,  where  there  are  more  miles  of  center-bearing  rail 
than  of  all  other  sections,  drivers,  especially  when  their  wagons  are 
heavily  loaded,  follow  the  track  upon  which  this  rail  is  laid  as  per- 
sistently as  any  other.  "Without  doubt,  however,  this  is  the  most  de- 
sirable rail  from  a  strictly  railway  standpoint;  having  a  tram  or  flange 
on  either  side,  dirt,  slush  or  snow  does  not  remain  on  the  head,  the  car 
wheels  themselves  pushing  such  obstructions  to  either  side  and  thus 
keeping  it  constantly  clean.  On  account  of  the  double  tram,  however, 
there  is  twice  the  annoyance  to  vehicular  traffic  that  there  is  with 
almost  any  other  section  of  rail.  The  pavement  being  set  level  with 
the  head  of  the  rail,  a  space  is  left  on  either  side  of  the  tread  of  the  rail 
about  1^  ins.  wide  and  of  a  depth  equal  to  the  distance  from  the  head 
to  the  tram  of  the  rail,  about  1  in.  Vehicles  follow  along  on  either 
side  of  the  rail  and  soon  wear  the  pavement  away,  so  the  space  is  in- 
creased to  about  4  ins.  in  width  or  a  little  wider  than  the  usual  tire. 
The  ram  is  so  narrow  that  truck  wheels  do  not  ride  it  well,  making 
the  pavement  wear  more,  and  ruts  are  soon  cut  which  are  extremely 
dangerous. 

The  rail  almost  universally  used  throughout  this  country  on  street 
railways  constructed  or  rebuilt  within  the  jmst  few  years  is  the  side- 
bearing  rail,  a  section  of  which  is  shown  in  Fig.  4.  It  is  a  great  im- 
provement over  the  center-bearing  rail  so  far  as  influence  on  street 
pavement  is  concerned.  The  pavement  is  laid  next  to  the  outside  of 
the  head  and  about  level  with  it,  so  there  is  no  rut  ready  made  for 
vehicles  to  run  in,  and  the  pavement  next  to  the  outside  of  the  rails 
does  not  wear  much  faster  than  any  other  portion  of  the  street,  thus 
reducing  the  cost  of  maintenance  of  the  pavement  nearly  one-half,  as 
compared  with  the  cost  with  the  center-bearing  rail.  On  the  inside  of 
the  rail  there  is  a  tram  3  ins.  wide  which  carries  the  wheels  of  all 
vehicles  having  less  than  3-in.  tires.  If  the  pavement  in  the  track  is 
laid  level  with  the  top  of  the  tram,  wheels  of  vehicles  following  the 
rails  cut  no  rut  and  it  is  easier  to  turn  out  of  the  rails  with  a  wagon 
than  if  the  paving  stones  are  left  above  it.     It  seems  to  have  been 
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the  universal  custom,  however,  to  keep  the  ijavement,  even  in  the  Mr.  Reed, 
track,  level  with  the  head  of  the  rail,  thus  leaving  a  groove  or  rut 
similar  to  that  found  with  center-bearing  rails,  except  that  the  extra 
width  of  tram  carries  vehicles  more  easily  and  the  pavement  is  simply 
worn  back  an  inch  or  so  on  the  edge  and  then  rounded  off",  preventing 
dangerous  ruts.  Of  course  at  intersecting  streets  where  wagons  cross 
the  tracks  at  obtuse  angles  the  pavement  should  be  left  level  with  the 
head  of  the  rails  to  avoid  the  jolt  that  otherwise  would  occur. 

The  sections  of  rail  shown  in  Figs.  2  and  5  have  some  advantages 
over  the  center-bearing  and  side-bearing  rails  for  vehicular  travel,  but, 
like  any  grooved  rail,  are  objectionable  to  railway  companies  on  ac- 
count of  the  difficulty  of  keeping  the  groove  clean.  The  tram  being 
bent  up  so  that  it  is  -i\-  in.  below  the  head,  and  the  groove  being  but  1^ 
ins.  wide,  it  is  much  easier  for  vehicles  to  turn  out  of  it  than  out  of  either 
of  the  previously  mentioned  sections.  It  has  the  same  advantage  as  to 
pavement  on  the  outside  as  the  side-bearing  rail,  but  it  was  found  on 
Broadway,  New  York,  that  trucks  following  the  rail  soon  wore  a  rut  in 
the  pavement  next  to  the  tram,  and  the  cost  of  maintenance  of  pavement 
on  this  account  was  excessive.  To  remedy  this  evil,  Mr.  L.  J.  Hirt, 
formerly  assistant  chief  engineer  of  the  Metropolitan  Traction  Com- 
pany, and  the  speaker  decided  it  would  be  well  to  increase  the  width 
of  the  tram  sufficiently  to  carry  the  trucks,  and  thus  save  this  exces- 
sive wear  on  the  pavement.  A  section  was  designed  similar  to  that 
shown  in  Fig.  3,  except  the  tram  was  -i\-  in.  below  the  head.  The  De- 
partment of  Public  Works,  however,  upon  the  recommendation  of  Mr. 
North,  insisted  that  this  tram  be  raised  to  the  level  of  the  head  giving 
the  section  shown  in  Fig.  3.  The  raising  of  the  tram  makes  it  im- 
possible to  keep  the  dirt  out  of  the  groove  by  any  scraper  attached 
to  a  car,  and  it  is  j)Ossible  to  keep  it  clean  only  with  hand  scrapers 
and  brooms.  None  of  this  section  of  rail  has  as  yet  been  used  to  any 
extent  in  winter  weather,  but,  judging  from  the  amount  of  labor  re- 
quired to  keep  it  clean  under  ordinary  circumstances,  it  is  feared  it 
will  be  well  nigh  impossible  to  keep  it  free  from  snow  and  ice  without 
a  plentiful  use  of  salt,  which  is  condemned  by  the  Boards  of  Health, 
Society  for  the  Prevention  of  Cruelty  to  Animals,  and  on  electric  roads 
by  the  electricians.  Of  course,  with  cable  or  horse  power  a  dirty  rail 
is  not  as  objectionable  as  it  is  with  self-contained  motor  cars,  and  with 
the  use  of  electric  or  compressed  air  this  rail  would  cause  much 
trouble,  and  still  more  trouble  if  the  rails  were  used  for  a  return  cir- 
cuit as  on  the  trolley  roads.  Had  the  tram  been  left  as  originally 
designed,  the  trouble  in  this  direction  would  be  greatly  lessened,  and 
yet  there  would  have  been  no  appreciable  diff"erence  to  vehicular 
traffic.  It  is  interesting  in  this  connection  to  note  the  change  recently 
made  in  the  style  of  rails  in  England,  where  they  have  insisted,  as 
some  American  authorities  now  insist,  upon  the  head  and  tram  being 
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Mr.  Reed,  the  same  height.  Within  a  few  months  the  authorities  there  have  re- 
qiiired  the  section  to  be  changed  so  as  to  bring  the  tram  below  the 
head. 

No  section  of  rail  has  as  yet  been  rolled  suitable  for  steam  railroad 
cars  and  locomotives  for  streets.  Various  methods,  therefore,  have 
been  adopted  to  utilize  the  T-rail.  The  method  used  by  the  Central 
Railroad  of  New  Jersey  is  a  good  one,  but  much  too  expensive  for 
general  use,  and  it  necessitates  the  use  of  chairs  3  J  or  4  ins.  high, 
which  make  the  structure  weak.  As  the  gauge  of  freight  cars  varies 
and  the  flanges  are  as  much  as  1^  ins.  deep,  it  would  be  impossible  to 
design  a  rail  suitable  for  them  that  would  not  offer  more  or  less  im- 
pediment to  vehicular  traffic. 

Stringer  construction,  so-called,  is  almost  a  thing  of  the  past,  and 
of  but  little  interest  except  as  a  matter  of  history.  The  flat  rail  on 
timbers  is  not  stable  enough  for  modern  cars,  and  in  the  few  places 
where  railroad  comjjanies  have  tried  to  use  it  with  electric  cars  they 
have  been  confronted  with  snake  heads,  such  as  occurred  in  the  early 
days  of  steam  railroading. 

This  construction  answers  very  well  for  horse-car  traffic,  and  Mr. 
North's  statement  that  the  stringers  soon  rot  and  let  the  paving  stones 
fall  in  is  misleading.  The  writer  has  recently  taken  up  stringers  that 
have  been  down  more  than  twenty  years  on  a  road  where  cars  iiin  on 
less  than  three  minutes'  headway;  these  stringers  were  badly  decayed, 
but  those  fifteen  years  old  were  in  a  fair  state  of  preservation,  and 
certainly  strong  enough  to  hold  up  the  pavement.  Mr.  North  speaks 
of  the  joints  on  this  style  of  construction.  Where  channel  bars  are 
used  at  the  joints  and  care  taken  in  boxing  them  into  the  timber,  the 
joints  stand  up  under  heavy  strain  for  some  years.  But  little  attention 
was  formerly  given  to  the  joint,  often  nothing  but  a  thin,  flat  iron 
being  used,  and  on  several  miles  of  one  of  the  most  important  lines  in 
New  York  City  there  was  not  a  single  joint  jjlate  of  any  kind;  it  is  no 
wonder  that  with  such  construction  the  joints  went  down,  and  made 
riding  in  either  cars  or  wagons  somewhat  unpleasant. 

With  girder  rails  it  is  necessary,  where  paving  blocks  are  set  next 
to  the  rail,  to  use  some  kind  of  a  filler  between  the  upper  and  lower 
flanges.  Creosoted  wood,  plain  spruce  plank,  cement  mortar  and 
hard-burned  terra-cotta  bricks  molded  to  fit  the  rail  have  been  used. 
Until  within  the  last  two  years,  when  the  writer  introduced  the  use  of 
terra-cotta  brick,  mortar  was  used  exclusively  in  New  York.  It 
answers  the  purpose  as  well  as  brick,  but  the  cost  of  api^lying  it,  es- 
pecially when  cars  are  running  over  the  rails  during  construction,  is 
much  greater  than  the  brick.  When  asphalt  pavement  is  laid  against 
the  rail,  no  filler  is  required. 

Whenever  two  substances  of  different  degrees  of  hardness  are  used 
next  each  other  upon  the  surface  of  a  street  there  is  excessive  wear  at 
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their  junction  upon  the  softer,  especially  if  they  are  joined  together  Mr.  Reed, 
in  a  straight  line.  It  is  on  this  account  that  ruts  are  likely  to  be  worn 
alongside  the  rails,  and  it  is  hard  to  see  how  increasing  the  width  of 
ihe  top  of  the  rail  to  18  or  20  ins.,  which  would  be  the  result  of  using 
the  steel  plate  mentioned  by  Mr.  North,  would  imi^rove  matters.  If, 
however,  the  edge  of  this  plate  was  toothed,  thus  giving  the  same 
result  as  granite  toothing,  it  might  answer  equally  as  well  as  the  stone, 
though  even  then  the  asphalt  with  which  it  is  proposed  to  use  this 
plate  would  probably  show  more  wear  than  if  stone  was  used. 

As  all  heavy  trucks  are  more  than  4  ft.  8^-in.  gauge,  the  standard 
gauge  of  street  railroads,  truck  drivers  follow  one  rail,  thus  throwing 
the  opposite  wheels  about  18  ins.  from  the  other  rail.  These  outside 
wheels  soon  wear  ruts  in  the  hardest  pavement  and  increase  the  cost 
of  maintenance  very  much.  To  remedy  this  evil,  the  railroad  com- 
panies in  a  number  of  cities,  notably  Philadelphia,  Pa.,  Newark  and, 
possibly,  Jersey  City,  N.  J.,  widened  the  gauge  of  their  tracks,  thus 
giving  the  heavy  trucks  metal  tramways,  but  the  trucks,  once  in  the 
track,  would  not  turn  out,  so  the  speed  of  cars  was  regulated  by  speed 
of  trucks.  Shortly  after  the  introduction  of  electric  cars,  the  gauge 
was  brought  to  standard. 

If  the  section  of  rail  shown  in  Fig.  3  is  used,  and  it  is  possible  to 
maintain  the  pavement  next  to  the  rail  level  with  it,  trucks  can  not 
■easily  follow  the  rail  and  thus  no  such  trouble  as  mentioned  will 
arise,  but  as  any  pavement  is  softer  than  0.55^  to  0.65%"  carbon  steel, 
which  it  is  now  proposed  to  use  for  street  rails,  the  pavement  will 
wear  faster  than  the  rail,  and  if  originally  laid  flush  with  it,  there  will 
soon  be  more  or  less  of  a  rut  which  vehicles  will  follow. 

The  speaker  believes  that  granite  or  other  stone  pavement  should 
be  left  ^  in.  above  the  rail  ;  the  corners  will  soon  I'ound  ofi"  so  there 
will  be  no  difficulty  in  turning  out,  the  life  of  pavement  will  be  very 
much  increased,  and  the  cost  of  maintenance  much  decreased. 

The  statement  made  as  to  the  effect  of  the  obligations  imiDosed  by 
the  laws  of  the  State  of  New  York  on  street  railroads  is  plainly  erro- 
neous, as  the  statute  does  not  require  the  roads  to  pave  and  keep  in 
repair,  but  only  requires  them  to  have  and  keep  in  repair.  The  obli- 
gations as  read  by  some  of  the  city  officials  having  charge  of  street 
pavement  would  require  the  railroad  companies  to  lay  new  pavement 
whenever  these  gentlemen  thought  that  bicycle  or  buggy  riding  would 
"be  benefited  by  it. 

The  statement  contained  in  the  jmi^er  is  unfair  to  the  railroad  com- 
panies, as  it  seeks  to  bring  all  of  them  within  the  obligation  of  repair- 
ing the  pavement.  There  are  many  railroads  in  the  city  of  New  York 
and  other  cities  of  this  country  having  charters  that  do  not  contain 
any  obligation  whatsoever  as  to  street  paving,  while  it  has  been  held, 
particularly  in  a  suit  o;f  the  City  of  New   York  against  the  Eighth 
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Mr.  Reed.  Aveuue  Railroad  Company,  tliat  the  railroad  was  not  under  any  obli- 
gation to  lay  new  pavement  in  the  street.  The  court,  in  this  case, 
held  specifically,  that  unless  such  an  obligation  was  imposed  by  the 
charter  of  the  company  or  some  contract  entered  into  by  it  with  the 
city,  that  the  city  could  not  lay  new  pavement  and  charge  the  cost 
against  the  company. 

Although  it  is  well  known  that  it  takes  a  long  time  to  secure  jus- 
tice in  many  cases,  it  is  very  evident  that  if  the  city  had  claims 
against  railroad  companies  for  street  paving  arising  in  the  year  1889, 
and  if  the  city  authorities  believed  they  had  any  claims  against  the 
railroad  companies,  the  case  would  have  been  pushed  to  an  issue 
before  the  present  time. 

The  latter  part  of  the  paper  contains  a  statement  that  the  surface 
railroads  have  procured  charters,  which  do  not  require  them  to  main- 
tain the  pavement,  and  that  they  claim  that  no  additional  burden  can 
be  laid  on  them.  This  is  an  erroneous  position  to  take  of  the  law. 
The  position  of  the  companies  has  always  been  that  the  legislature 
has  not  made  any  eifort  or  sought  in  the  slightest  degree  to  impose 
the  obligation  of  repair  or  the  furnishing  or  relaying  of  new  pavement 
upon  them. 

With  regard  to  the  weight  of  cars  used  on  street  surface  railways, 
the  following  data  may  be  useful : 

Ordinary  single-truck  cars  with  18-ft.  to  20-ft.  bodies,  a  6^-ft.  to 
7-ft.  wheel  base,  equipped  with  two  G.  E.  800  motors,  and  having 
a  seating  cajiacity  of  about  twenty-four,  weigh  from  T-j  to  81 
tons.  Double-truck  cars  with  35-ft.  bodies,  a  wheel  base  on  each 
truck  of  5  ft.,  and  a  distance  between  truck  centers  of  18  ft., 
equipped  with  G.  E.  1  200  motors,  and  having  a  seating  capacity 
of  from  forty  to  fifty,  weigh  from  20  to  23  tons.  The  trucks  of 
these  cars  are  usually  arranged  to  carry  about  75%"  of  the  load 
on  the  drivers,  which  should  be  considered  in  calculating  wear  on 
rails.  Oars  such  as  are  used  on  the  Metropolitan  Street  Railway 
Company's  cable  and  electric  roads  in  New  York  Oity  have  single 
trucks,  an  8-ft.  wheel  base,  bodies  32  ft.  long,  and  a  seating  capacity 
of  twenty-eight;  the  cable  cars  weigh  about  7  tons,  and  those  equipped 
with  G.  E.  motors  about  9  tons. 

A  few  words  should  be  added  in  defence  of  some  of  the  recent  track 
construction  in  New  York  Oity.  Within  the  past  few  years  the  rail- 
way companies  have  been  looking  forward  to  a  change  in  motive 
power,  by  which  they  would  be  relieved  of  further  annoyance  with 
horses.  What  the  new  motive  i^ower  would  be  could  not  be  foretold. 
Wherever  the  cable  or  underground  trolley  has  been  adopted  per- 
manent construction  on  yokes  has  been  carried  out,  but  all  other  lines 
have  been  to  a  greater  or  less  extent  of  a  temporary  character,  with 
the  idea  that  it  was  only  a  matter  of  a  year  or  two  when  they  would  be 
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replaced  by  some  other  type.  The  track  on  One  Hundred  and  Sixth  Mr.  Reed. 
Street*  was  built  with  a  view  to  greater  permanence  than  the  rest,  ex- 
cept those  of  the  yoke  constru.ction.  The  rails  are  laid  on  cross-ties  5 
ft.  apart,  which  also  serve  as  tie-rods,  and  rest  on  a  beam  of  concrete 
from  6  to  8  ms.  thick  and  15  ins.  wide.  The  concrete  is  built  tip 
around  the  base  of  the  rails  and  holds  them  in  place. 

G.  J.  FiEBEGEK,  M.  Am.  Soc.  G.  E. — The  construction  of  pavements  Capt.  Fiebeger. 
along  the  street  car  tracks  in  the  city  of   Washington  is  governed  by 
the  Act  of  Congress,  June  11th,  1878,  given  below. 

The  features  to  which  attention  is  invited  are  the  fifth,  sixth  and 
seventh  paragraphs,  which  provide  the  means  of  keeping  the  pave- 
ments in  repair,  and  of  laying  and  relaying  them  if  the  railway  com- 
pany fails  to  comply  with  the  jjrovisions  of  the  first  paragraph. 

The  relaying  of  the  old  tracks  with  modern  grooved  girder  rails 
was  done  in  conformity  to  an  Act  of  Congress  of  March  2d,  1889,  also 
given  below. 

In  carrying  out  the  jjrovisions  of  that  act,  the  Commissioners,  on 
the  recommendation  of  the  Engineer  Department,  adopted  a  rail  with 
flange  and  head  in  the  same  horizontal  plane  and  a  groove  1  in.  wide. 
This  rail  has  given  general  satisfaction.  Upon  cable  and  underground 
trolley  roads  it  is  customary  to  pave  the  sj)ace  between  rails  and  tracks 
either  with  sheet  asjjhalt  or  vitrified  brick. 

Extracts  feom  an  Act  Providing  a  Permanent  Form  of  Government 
FOR  THE  District  of  Columbia. 


The  cost  of  laying  down  said  pavements,  sewers  and  other  works, 
or  of  repaii-ing  the  same,  shall  be  paid  for  in  the  following  proportions 
and  manner,  to  wit:  When  any  street  or  avenue  through  which  a 
street  railway  runs  shall  be  paved,  such  railway  comjjany  shall  bear  all 
of  the  expense  for  that  portion  of  the  work  lying  between  the  exterior 
rails  of  the  tracks  of  such  roads,  and  for  a  distance  of  2  ft.  from  and 
exterior  to  such  track  or  tracks  on  each  side  thereof,  and  of  keeping 
the  same  in  repair. 

But  the  said  railway  companies,  having  conformed  to  the  grades 
established  by  the  Commissioners,  may  use  such  cobblestone  or  Bel- 
gian blocks  for  paving  their  tracks,  or  the  space  between  their  tracks, 
as  the  Commissioners  may  direct. 

The  United  States  shall  pay  one-half  of  the  cost  of  all  work  done 
under  the  provisions  of  this  section,  except  that  done  by  the  railway 
companies,  which  payment  shall  be  credited  as  part  of  the  fifty  per 
centum  which  the  United  States  contributes  toward  the  expenses  of 
the  District  of  Columbia  for  that  year. 

And  all  payments  shall  be  made  by  the  Secretary  of  the  Treasury 
on  the  warrant  or  order  of  the  Commissioners  of  the  District  of 
Columbia,  or  a  majority  thereof,  in  such  amounts  and  at  such  times  as 
they  may  deem  safe  and  proper  in  view  of  the  progress  of  the  work. 

*  Of  which  a  partial  cross-section  is  shown  in  Fig.  21. 
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Capt. Fiebeger.  That  if  any  street  railway  company  shall  neglect  or  refuse  to  per- 
form the  work  required  by  this  act,  said  pavement  shall  be  laid  be- 
tween the  tracks  and  exterior  thereto  of  such  railway  by  the  District 
of  Columbia. 

And  if  such  company  shall  fail  or  refuse  to  pay  the  sum  due  from 
them  in  respect  of  the  work  done  by  or  under  the  orders  of  the  proper 
officials  of  said  District,  in  such  case  of  the  neglect  or  refusal  of  sucli 
railway  company  to  perform  the  work  required  as  aforesaid,  the  Com- 
missioners of  the  District  of  Columbia  shall  issue  certificates  of  in- 
debtedness against  the  jiroperty,  real  or  personal,  of  such  railway 
company,  which  certificates  shall  bear  interest  at  the  rate  of  10%"  per 
annum  until  paid,  and  which,  until  they  are  paid,  shall  remain  and 
be  a  lien  ui^on  the  property  on  or  against  which  they  are  issued,  to- 
gether with  the  franchise  of  said  company. 

And  if  the  said  certificates  are  not  paid  wdthin  one  year,  the  said 
Commissioners  of  the  District  of  Columbia  may  proceed  to  sell  the 
property  against  which  they  are  issued,  or  so  much  thereof  as  may  be 
necessary  to  pay  the  amount  due,  such  sale  to  be  first  duly  advertised 
daily  for  one  week  in  some  newspajser  published  in  the  city  of  Wash- 
ington, and  to  be  at  public  auction  to  the  highest  bidder. 

When  street  railways  cross  any  street  or  avenue,  the  pavement  be- 
tween the  tracks  of  such  railway  shall  conform  to  the  pavement  used 
upon  such  street  or  avenue,  and  the  companies  owning  these  intersect- 
ing railroads  shall  pay  for  such  pavements  in  the  same  manner  and 
proportion  as  required  of  other  railway  companies  under  the  provis- 
ions of  this  section. 

********* 

Approved  June  11th,  1878. 


District  of  Columbia  Appropeiation  BrLL,  1890. 

********* 

That  any  company  authorized  by  law  to  run  cars  proi^elled  by 
horses  in  the  District  of  Columbia  is  hereby  authorized  to  substitute 
for  horses  electric  power  by  storage  or  independent  electrical  batteries 
or  underground  wire,  or  underground  cables  moved  by  steam  power, 
on  the  whole  or  any  portion  of  its  roadway,  with  authority  to  pur- 
chase and  use  any  terminal  grounds  and  facilities  necessary  for  the 
purpose;  and  any  such  street  railway  electing  to  substitute  such 
jjower  on  any  part  of  its  tracks  or  road-beds  on  the  streets  of  the  Dis- 
trict of  Columbia  shall,  before  doing  so,  cause  such  part  of  its  road- 
beds to  be  laid  with  a  flat  grooved  rail,  and  made  level  with  the  surface 
of  the  streets  upon  each  side  of  said  tracks  or  road-beds,  so  that  no 
obstruction  shall  be  j^resented  to  vehicles  passing  over  said  tracks: 
Provideri,  That  in  the  event  said  companies  or  either  of  them  shall  fail 
for  the  period  of  two  years  from  the  passage  of  this  act  to  exercise  the 
powers  and  jji-ivileges  hereinbefore  given,  such  companies  are  hereby 
required  to  cause  said  rails  and  roadbeds  to  be  relaid  with  the  flat 
grooved  rail  hereinbefore  mentioned,  so  as  to  be  level  wdth  the  surface 
of  the  streets  upon  each  side  of  said  tracks  or  roadbeds  and  the  cost 
of  making  the  changes  hereinbefore  required  shall  be  paid  by  the  cor- 
l)orations  or  persons  owning  or  operating  said  street  railroads,  and  if, 
after  being  notified  by  the  Commissioners  of  the  District  of  Columbia 
in  writing  to  comply  with  the  terms  of  this  act,  the  said  corporations 
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or  either  of  them  shall  not  within  ninety  days  thereafter  begin  the  Capt.  Fiebeger 
work  reqitired  and  complete  the  same  within  a  reasonable  time,  not 
more  than  twelve  months  from  the  expiration  of  said  period  of  ninety 
days,  it  shall  be  the  duty  of  the  Commissioners  to  cause  the  necessary 
changes  in  said  rails  and  roadbeds  to  be  made  as  soon  as  practicable; 
and  shall  issue  certificates  of  indebtedness  against  the  property,  real 
or  personal,  of  such  railway  company,  which  certificates  shall  bear 
interest  at  the  rate  of  10%  per  annum  until  paid,  and  which,  until 
they  are  paid,  shall  remain  and  be  a  lien  upon  the  property  on  or 
against  which  they  are  issued,  together  with  the  franchise  of  said 
company;  and  if  the  certificates  are  not  paid  within  one  year  the  said 
Commissioners  of  this  District  of  Columbia  may  proceed  to  sell  the 
property  against  which  they  were  issued,  or  so  much  thereof  as  may 
be  necessary  to  pay  the  amount  due,  such  sale  to  be  first  duly  adver- 
tised daily  for  one  week  in  some  newspaper  published  in  the  city  of 
Washington,  and  to  be  sold  at  public  auction  to  the  highest  bidder: 
Provided  further.  That  after  the  passage  of  this  act  no  other  rail  than 
that  herein  mentioned  shall  be  laid  by  any  street  railway  company  in 
the  streets  of  Washington  and  Georgetown,  and  all  companies  granted 
franchises  or  extensions  by  the  Fiftieth  Congress  shall  have  extension 
of  one  year's  time  within  which  to  lay  their  tracks.  So  much  of  the 
charters  of  the  street  railway  companies  of  the  District  of  Columbia  as 
is  inconsistent  with  this  section  is  hereby  repealed.  Provided  further, 
That  the  foregoing  requirements  as  to  motive  power,  rails  and  road- 
beds shall  not  apply  to  street  railroads  outside  the  city  of  Georgetown 
and  the  boundary  limits  of  the  city  of  Washington;  and  Provided, 
That  the  authority  hereinbefore  granted  in  each  and  every  particiilar 
shall  be  exercised  only  with  the  ajoproval  of  the  Commissioners  of 
said  District  of  Columbia,  expressed  by  resolution  of  said  board. 
********* 

Approved  March  2d,  1889. 
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CORRKSPONOENCE. 


Mr.  Whinery.  S.  Whinery,  M.  Am.  Soc.  C.  E. — While  the  subject  of  these  two 
papers  embraces  only  the  relation  between  street  railroad  tracks  and 
street  pavements,  it  is  rather  difficult  to  separate  it  from  the  subject 
of  construction  of  street  railroads  in  general;  but  the  writer  will 
endeavor,  in  what  he  has  to  say,  to  confine  himself  to  matter  perti- 
nent to  the  question.  It  seems  necessary  to  say  at  the  beginning, 
however,  that  the  interests  of  the  sti-eet  railroad  companies  and  of 
municijoal  aiithorities  in  charge  of  street  pavement  will  be  found  in 
the  near  future  to  be  more  nearly  identical  than  is  generally  recog- 
nized at  present,  and  there  ought  to  be  harmonious  action  between 
them  for  the  following  reasons,  which  will  be  made  the  basis  of  this 
discussion: 

First. — No  pavement  of  any  kind  can  be  kept  in  good  and  jjroper 
condition  along  the  rails  of  a  street  railroad  unless  the  track  con- 
struction is  of  such  a  character  as  to  hold  the  rails  rigidly  in  their 
position  so  as  to  avoid  settlement,  deflection  or  oscillation. 

Second. — True  economy  on  the  part  of  the  street  railroad  companies 
requires  that  their  tracks  shall  be  constructed  in  such  a  manner  that 
the  rails  shall  have  sufficient  strength  not  to  deflect  or  vibrate  and  that 
the  rails  shall  be  so  supported  that  they  will  not  settle  or  yield  under 
the  loads  passing  over  them. 

The  truth  of  the  second  proposition  is  forcing  itself  upon  the  man- 
agers of  street  railroads.  Not  a  few  of  them  are  fully  convinced  that 
they  cannot  affoi'd,  as  a  matter  of  business,  to  construct  their  tracks  in 
any  but  the  most  thorough  and  substantial  manner.  They  have  found 
that  cheap  and  shabby  track  construction  means  excessive  cost  of 
maintenance  of  track.  When  their  track  is  once  constructed  and  a 
permanent  pavement  is  laid  over  the  street  and  along  their  rails,  the 
expense  of  reaching  and  repairing  the  underground  structure,  raising 
low  joints,  tightening  joint  plates,  and  replacing  the  iDavement,  is  so 
great  that  a  large  additional  expenditure  for  a  construction  that  shall 
be  as  nearly  as  possible  permanent  is  more  than  justified. 

Furthermore  the  wear  and  tear  of  cars  and  motors  running  over  bad 
tracks  is  greatly  increased.  The  writer  knows  of  no  statistics  showing 
correctly  the  difference  in  cost  of  maintenance  of  cars  and  motors  ope- 
rated over  poor  track  and  track  of  the  best  construction,  but  from  his 
own  observation  he  believes  it  amounts  to  a  sum  that  would  pay  a 
very  large  interest  on  the  difference  in  cost  between  good  and  bad  track 
construction.  In  view  of  these  facts  it  is  reasonable  to  expect  that 
owners  and  managers  of  street  railroads  will,  in  the  near  fiature,  be 
more  than  willing  to  adopt  the  very  best  and  most  permanent  construc- 
tion for  their  tracks.     In  fact,  at  this  time,  in  many  cities  the  street 
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railroad  companies  are  voluntarily  taking  up  track  that  a  few  years  Mr.  Whinery. 
since  was  regarded  as  good  enough  for  any  street  railroad,  and  replac- 
ing it  with  track  of  the  very  best  modern  construction. 

There  is,  as  might  be  expected,  a  wide  diflference  of  opinion  as  to 
what  constitutes  the  best  track  construction,  and  many  companies  are 
deferring  the  adoption  of  improved  construction,  not  so  much  because 
they  are  iinwilling  to  undertake  such  a  construction,  but  because  they 
are  uncertain  which  of  the  many  plans  brovight  to  their  attention  is 
the  best.  It  is  a  fortunate  circumstance  that  in  the  main  the  track 
construction  which  is  best  for  the  street  railroad  companies  is  also 
most  favorable  for  laying  and  maintaining  permanent  street  pave- 
ments along  and  among  the  tracks. 

Coming  now  to  the  first  proposition,  it  is  idle  to  hope  to  keep  street 
pavements  in  good  condition  along  street  railroad  rails  unless  the  rails 
are  rigid  and  immovable  in  their  place.  This  is  the  first  condition  of 
success;  all  other  conditions  are  matters  of  detail. 

In  regard  to  the  best  section  for  the  top  of  the  rail,  the  writer 
does  not  believe  that  the  section  shown  in  Fig.  3  is  the  best  yet  used 
in  this  country.  The  pi'incipal  objection  to  it  is  the  sharp  edge  and 
unnecessary  Avidth  of  the  flange. 
With  a  flange  of  that  section,  stone 
or  other  block  pavements  cannot 
be  properly  maintained  along  it. 
Even  if  the  rail  is  immovable, 
many  of  the  blocks  are  liable,  upon 
slight  dejjression,  to  drop  below 
the  edge  of  the  flange  as  shown  by 

dotted  lines  a  in  Fig.  27;  and  having  imperfect  lateral  support,  because 
it  is  very  difficult  to  fill  properly  the  sjjace  between  the  block  and  the 
web  of  the  rail,  the  pavement  soon  becomes  deranged.  If,  as  is  usually 
the  case,  the  rail  is  not  perfectly  rigid  and  immovable,  this  danger  be- 
comes greatly  aggravated.  If  the  rail  moves  up  and  down  under  pass- 
ing cars,  the  sharp  edge  of  this  flange  is  likely  to  engage  with  the 
rough  surface  of  the  block  and  to  tend  to  move  the  block  up  and  down 
with  it. 

If  firmly  supported  on  its  foundation,  the  block  cannot  move  down- 
ward, but, when  raised,  i^articles  of  sand  or  street  dirt  drop  under  it 
and  it  cannot  return  to  its  oi'iginal  position.  The  action  is  repeated 
and  in  time  many  blocks  may  be  brought  to  the  position  shown  by  the 
dotted  lines  b  in  Fig.  27,  a  condition  often  seen  in  brick  or  stone  block 
pavement  along  the  rails.  In  the  case  of  sheet  asphalt  pavements  laid 
directly  against  the  rail,  it  is  hardly  possible  to  compress  the  asphalt 
under  and  against  such  a  flange  properly.  If  the  rail  vibrates,  sand 
or  street  dirt  will  work  between  the  asphalt  and  the  bottom  of  the 
flange,  and  in  time  the  surface  of  the  flange  becomes  higher  than  the 


Fig.  27 
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Mr.  Wliineiy.  rail,  whicli,  as  will  be  shown  hereafter,  is  a  condition  unfavorable  to 
the  best  service  of  the  pavement.  Furthermore,  it  may  be  said  that 
the  tendency  of  drivers  to  keep  the  wheels  of  their  vehicles  on  and 
along  the  top  of  the  rail  is  directly  as  the  width  of  the  rail  top,  and 
for  this  reason  alone  the  top  of  the  rail  should  be  made  as  narrow  as 
practicable. 

A  few  years  since  Mr.  H.  J.  Stanley,  city  engineer  of  Cincinnati, 
Ijroposed,  and  the  Cincinnati  Street  Railroad  Comjjany  adopted,  the 
section  shown  in  Fig.  28  as  a  standard  in  that  city.  There  are,  in  fact, 
two  standard  sections  used,  the  only  difference  being  that  the  rail  used 
on  asphalt-paved  streets  is  6  ins.  high,  while  that  used  in  granite- 
paved  streets  is  8  ins.  high.  In  other  resj^ects  they  are  identical.  The 
writer  believes  that  this  is  probably  the  best  section  of  simple  girder 

rail,  from  the  pavement  stand- 
point, yet  adopted  for  streets. 
Its  advantages  are  as  follows : 

The  rail  is  of  the  grooved 
pattern,  with  the  flange  rising 
to  the  same  height  as  the  tread. 
This  is  the  only  form  of  top 
that  ought  to  be  allowed  on 
paved  streets.  The  groove  is 
made  no  wider  than  is  abso- 
lutely necessary  to  accommo- 
date the  wheel  flange.  It  is  so 
narrow  that  only  the  narrowest 
vehicle  wheels  can  possibly 
drop  into  it,  and  it  is  found  in 
practice  that  very  few  wheels. 
Fig-  28.  indeed,    get    into    the  groove. 

In  fact,  with  an  asphalt  pavement  laid  flush  with  the  top  of  the  rail, 
the  track  offers  no  obstruction  whatever  to  the  passage  of  vehicles, 
and  in  driving  over  the  street,  one  would  never  know  that  there 
was  a  track  in  the  street,  except  by  seeing  the  tops  of  the  rails. 
The  sides  of  both  tread  and  flange  are  vertical,  which  obviates  the  ob- 
jections to  the  sharp-edged  flange  referred  to  above.  This  is  especially 
important  in  the  case  of  asphalt  pavements,  as  a  good  strong  siipport 
is  secured  for  the  asphalt  against  the  rail.  The  flange  of  this  rail  has 
abundant  strength  and  mass  to  withstand  the  weight  and  abrasion  of 
travel.  The  top  of  the  rail,  both  tread  and  flange,  is  joined  to  the  ver- 
tical sides  by  a  curve  of  very  short  radius,  which  renders  it  possible 
to  make  a  good  junction  between  the  edge  of  the  rail  and  asphalt  pave- 
ment. Where  the  top  and  sides  of  the  rail  are  joined  by  a  curve  of 
considerable  radius,  it  is  obviously  impossible'ito  make  a  good  joint 
between  the  rail  and  the  asphalt  pavement.     The  top  of  the  rails  is  as 
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narrow  as  it  is  practicable  to  make  it,  consistent  witli  necessary  con-  Mr,  Whineiy. 
ditions.     The  strong  and  wide  base  and  the  general  sturdy  and  sub- 
stantial character  of  the  section  commend  it  to  the  favor  of  the  track 
builder  as  well  as  to  the  paver. 

In  regard  to  the  use  of  the  common  T-railfor  street  railroad  track, 
opinions  differ  widely.  At  one  time  it  was  regarded  as  an  abomina- 
tion by  paving  engineers,  municijial  officers,  and  the  people,  and  not 
without  reason,  as  it  was  generally  used.  No  one  doubts  that  it  oflfers 
more  strength,  stiffness  and  wearing  capacity  per  square  inch  of  sec- 
tion than  any  other  form  of  rail  in  use,  and  is,  therefore,  the  most 
economical  rail  to  use  from  the  street  railroad  company's  point  o 
view. 

Some  recent  jjavemeut  constructions  with  this  rail  have  proved  very 
satisfactory,  and  indicate  that  where  street  railroad  companies  prefer 
its   use,    it    may  be  made  quite  unobjectionable   from  the  pavement 


Fig.  29. 


Fig.  30. 


standpoint.  Fig.  29  shows  one  construction  of  this  character.  The 
space  for  the  wheel  flange  is  formed  by  setting  granite  paving  blocks 
at  such  a  distance  inside  the  rail  as  to  leave  sufficient  flange  space. 
This  space  should  be  made  as  narrow  as  possible,  and  should  not  ex- 
ceed 1^  ins.  The  granite  blocks  used  shoiild  be  specially  dressed  so 
as  to  present  a  nearly  true  face  next  the  rail.  They  are  set  against  a 
gauge,  a  strip  of  wood  1^  ins.  wide  resting  against  the  edge  of  the 
rail.  The  cavity  between  the  rail  and  the  blocks  is  filled  to  within  2^ 
ins.  of  the  to^j  with  good  Portland  cement  grout,  and  the  space  above 
this  is  nearly  filled  with  a  special  asphaltic  preparation  which  renders 
the  joint  watertight.  The  consistency  of  this  asphaltic  preparation  is 
such  that  in  warm  weather  the  wheel  flange  will  impress  itself  into  the 
material,  forming  a  groove  of  such  form  and  width  as  will  accommo- 
date the  flanges.  This  construction  offers  far  less  obstruction  to 
vehicular   travel    than    any  of  the    flanged    rails  like   Fig.    4.     Very 
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Mr.  Whinery.  few  narrow  Avheels  drop  into  the  space  between  the  rail  and  stone 
block,  and  as  the  groove  is  shallow,  those  that  do  so  drop  in  are  extri- 
cated without  difficulty.  In  time  the  exposed  corners  of  the  blocks 
will  become  worn  rounded  as  shown  by  the  dotted  line  m  Fig.  29, 
which  renders  it  easier  for  wheels  to  leave  the  groove.  There  is  little 
tendency  of  drivers  to  follow  this  rail,  and  consequently  little  difficulty 
from  wheels  getting  into  the  groove. 

A  similar  construction  is  shown  in  Fig.  30,  where  the  block  used 
is  a  brick  block  known  as  the  Hayden  block,  with  the  corner  next  to 
the  rail  molded  to  a  circle  of  1  in.  radius.  Except  that  the  block 
is  not  as  durable  as  granite,  this  construction  has  proved  very  satis- 
factory. » 

Next  to  the  full-grooved  rail,  like  that  previously  referred  to,  this 
construction  offers  less  obstruction  to  travel  than  any  other  the  writer 
has  observed.  Where  the  T -rail  is  used,  its  sides  should  be  vertical 
and  the  curve  joining  side  and  head  should  have  a  radiits  not  ex- 
ceeding ^  in. 

None  of  the  rail  sections  like  Figs.  4  and  10  should  be  tolerated  on 
a  paved  street.  In  addition  to  the  other  objections  their  unstable 
equilibrium  when  the  wheels  of  a  heavy  vehicle  rest  on  the  flange  tends 
to  turn  them  over  and  give  them  a  lateral  movement,  which  it  is  diffi- 
cult to  prevent,  and  will  in  time  injure  the  adjoining  pavement.  A 
modified  form  of  this  section  with  the  construction  shown  in  Fig.  31, 
ought  to  give  good  results.  If  this  construction  has  ever  been  used, 
it  has  not  come  to  the  writer's  notice. 

It  has  been  generally  thought  that  in  laying  an  asphalt  pavement 
along  rails,  it  is  necessary  to  interpose  a  line  of  paving  blocks  be- 
tween the  asphalt  and  the  rails.  It  is  best  to  do  this  where  the  rail  is 
light  and  the  track  construction  insecure.  No  matter  what  kind  of 
pavement  is  used,  or  how  it  may  be  laid,  it  cannot  be  kept  in  fair 
order  along  the  rails  of  an  insecure  and  shaky  track,  and  the  use 
of  the  stone  blocks  lessens,  but  does  not  obviate,  the  difficulty  of  main- 
taining the  pavement.  Besides,  people  will  fail  to  notice  and  will 
tolerate  a  bad  condition  of  the  stone  blocks,  while  they  would  quickly 
note  and  comment  on  the  ragged  edge  of  an  asphalt  jjavement. 

Experience  has  proved  that  where  the  track  construction  is  fairly 
stable,  and  rails  of  suitable  top  section  are  used,  it  is  better  in  every 
way  to  lay  the  asphalt  surface  directly  against  the  rail.  It  makes  a 
better  appearance,  offers  less  obstruction  to  travel,  and  can  be  main- 
tained at  less  expense  than  where  the  stone  blocks  are  used. 

It  is  true  that  the  pavement  along  the  rail  will  not  be  as  durable  as 
the  body  of  the  street,  for  the  line  of  junction  must  be  a  line  of  weak- 
ness to  some  extent,  but  the  abrasion  of  the  asphalt  which  occurs  will 
be  narrow  and  can  be  rej^aired  with  more  facility  and  less  expense  than 
in  the  case  where  stone  liners  are  used. 
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Where  such  stone  liners  are  used,  the  old  method  of  setting  them  Mr.  Whinery. 
as  alternate  headers  and  stretchers  should  not  be  followed.  A  simple 
line  of  blocks  set  end  to  end  along  the  rail  is  better,  as  experi- 
ence has  shown.  Where  such  stone  liners  are  used,  their  utility 
will  depend  largely  on  the  care  with  which  they  are  set  and  held  in 
place. 

It  is  not  unusual  to  see  street  railroad  tracks,  in  wtich,  for  the 
want  of  suitable  foundation  and  support,  the  rails  have  sunk  to  a 
depth  of  from  I  to  2  ins.  below  the  surface  of  the  pavement,  and  the 
pavement  has  become  loosened,  broken  and  abraded  along  its  exposed 
edge.  Thoughtless  people  blame  the  pavement  for  the  defects,  and 
some  cities  where  the  pavements  are  guaranteed  have  attempted  to 
hold  the  paving  contractor  responsible  for  the  necessary  repairs. 
This  would  seem  to  be  so  obviously  unjust  as  to  need  no  discussion, 
especially  when  it  is  remembered  that  to  repair  and  adjust  the  pave- 
ment to  the  sunken  track  requires  a  change  of  grade  of  the  surface  of 
the  pavement  along  the  rails.  The  only  adequate  remedy  in  such 
cases  is  to  reconstruct  the  track,  and  raise  it  to  grade  before  the 
pavement  repairs  are  attempted,  and  if  the  defective  track  construc- 
tion has  caused  the  disintegration  of  the  pavement,  the  railroad  com- 
pany should  be  held  for  the  cost  of  repairs. 

The  depth  of  the  rail  is  a  matter  of  importance  in  street  pavement, 
where  cross-ties  are  used.  If  a  shallow  rail  is  used  so  that  stone  or 
brick  blocks  rest  upon,  or  nearly  upon,  the  top  of  the  cross-ties,  the 
slight  motion  or  tremor  of  the  ties  will  be  communicated  to  the  pave- 
ment, and  it  will,  in  time,  be  injured.  It  is  not  unusual  to  see  brick 
jjavements  between  the  rails  so  deranged  by  this  cause  that  the  loca- 
tion of  every  cross-tie  is  discernible  in  the  pavement.  There  should 
be  a  space  of  at  least  1  in.,  and  at  least  2  ins.  is  preferable,  between 
the  bottom  of  the  paving  blocks  and  the  top  of  the  cross -ties.  In 
Cincinnati,  where  the  depth  of  the  granite  paving  blocks  is  from  6 
to  7  ins.,  a  rail  having  a  depth  of  8  ins.  has  been  adopted  as  the 
standard  for  granite-paved  streets.  This  has  given  excellent  results, 
and  the  great  stiffness  of  this  deep  section  makes  it  a  good  one  for  the 
street  railroad  comjaany  also. 

In  laying  asphalt  pavement  directly  against  rails,  some  care  is 
necessary  to  secure  good  results.  Especial  care  should  be  taken  to 
compress  the  hot  asphalt  material  thoroughly  under  and  around  the 
head  and  flange  of  the  rail.  In  cold  weather  this  cannot  be  properly 
done  without  first  warming  the  rail,  as  otherwise  the  asphalt  will  be 
chilled  when  it  comes  in  contact  with  the  cold  rail  and  cannot  be 
properly  compressed.  The  surface  of  the  asi)halt  should  be  laid  even 
with  the  top  of  the  rail;  if  it  is  laid  lower,  the  latter  not  only  forms 
an  obstruction  to  travel,  but  vehicle  wheels  will  follow  along  the  pro- 
jecting rail  and  gradually  wear  a  rut  there;  if  it  is  laid  higher  than 
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Mr.  WhiiuM-y.  the  top  of  the  rail,  the  wheels  of  vehicles,  and  particularly  the  tread 
of  broad  car  wheels,  will  abrade  the  edge  of  the  pavement. 

If  a  slight  digression  may  be  allowed,  the  writer  would  express 
the  opinion  that  a  revolution  may  be  expected  in  the  near  future  in 
the  present  methods  of  constructing  street  railroad  tracks  in  paved 
streets.  The  coming  tx'ack  is  one  in  which  no  cross-ties  are  used, 
unless  that  name  be  applied  to  small  tie-rods  placed  at  intervals  to 
hold  the  rails  from  spreading.  The  rails  will  be  deep  and  strong, 
with  a  base  not  less  than  6  and  probably  8  ins.  wide.  This  rail  will 
be  laid  carefully  true  to  line  and  surface,  on  a  longitudinal  beam  of 
Portland  cement  concrete,  and  embedded  directly  in  the  concrete 
foundation  and  surface  of  the  street  pavement.  In  time  probably 
some  form  of  box  girder,  with  a  rail  top  readily  removable  and  re- 
placeable will  take  the  place  of  the  present  rail  sections.  The  girder 
will  have  a  wide  base,  and  will  rest  upon  a  concrete  beam,  and  when 
once  in  place  will  be  as  permanent  as  the  pavement  foundation  itself. 
In  at  least  four  cities  known  to  the  writer,  girder  rails  laid  on  a  con- 
crete foundation  without  cross-ties  are  now  in  use,  and  have,  so  far. 


Fig.  32. 


Fig.  33. 


given  excellent  results.  A  track  construction  of  this  character,  when 
perfected,  will  greatly  simplify  the  i^roblem  of  paving  along  or  among 
street  car  rails. 
Angerer.  ViCTOK  Angerer,  Esq. — The  early  rails  laid  on  street  railways  in 
this  country  were  of  a  semi-grooved  type,  similar  to  the  rails  used  in 
England,  where  railways  for  passenger  transportation  in  city  streets 
received  somewhat  earlier  development,  although  the  street  railway 
was  really  an  American  invention  Figs.  32,  33  and  34  show  such  rails 
laid  on  some  of  the  first  street  railway  lines  in  New  York  and  other 
cities.  Wagons  and  vehicles  of  all  kinds  soon  commenced  to  take  ad- 
vantage of  the  smoother  surface  presented  by  these  rails  than  by  the 
street  pavements  of  those  times,  and  tried  to  follow  them.  The  narrow 
tires,  which  partly  entered  these  grooves  without  getting  a  flat  bearing 
on  any  part  of  them,  soon  commenced  to  cut  into  the  soft  iron  rails, 
and  the  deep  groove  also  proved  somewhat  dangerous  to  the  wheels. 
This  led  to  the  form  of  rail  still  known  under  the  name  of  the  "  Phila- 
delphia tram  rail,"  first  used  on  the  Fifth  and  Sixth  Streets  line  in 
that  city,  which  gave  a  broad  flat  wagon-way,  or  tram  as  it  was  called. 
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from  which  it  derived  its  name.  At  the  same  time,  the  gauge  of  the  Mr 
track  in  the  city  of  Philadelphia  and  in  other  places  where  this  rail 
was  introduced,  was  widened,  as  it  had  been  found  that  the  standard 
English  gauge  of  4  ft.  8^  ins.  did  not  allow  two  horses,  which  were 
universally  used,  to  travel  abreast  between  the  rails  without  danger  of 
stepping  and  slipping  on  the  rails.  This  type  of  rail  also  had  some 
disadvantages  from  a  railway  standpoint  which  were  discovered  in  the 
earlier  forms  of  rails,  in  that  it  showed  a  tendency  to  tilt  outward 
under  the  load,  and,  further,  that  the  head  of  the  rail  was  usually 
covered  with  mud  and  dust,  without  any  possibility  of  the  wheels 
themselves  cleaning  this  accumulation  away.  The  usual  T-rails  on 
steam  railroads  and  lines  outside  of  city  streets  did  not  show  such  a 
tendency,  which  led  to  the  introduction  of  a  rail  approximating  the  T- 
rail  and  adaptable  for  city  streets,  and  to  the  usual  construction  of  a 
flat  rail  on  wooden  stringers.  This  approximation  of  the  T-i*ail» 
really  a  T-rail  lowered  so  that  the  head  came  down  on  the  base  with- 
oixt  the  intervention  of  any  web,  has  since  been  known  as  the  center- 


Angerer. 


Fig.  34,  Fig.  35. 

bearing  rail,  it  giving,  as  the  name  indicates,  a  central  bearing  of  the 
wheel  on  the  rail,  and  of  the  rail  on  the  stringer,  i.  e. ,  a  better  distribu- 
tion of  the  load  on  its  supports.  Further  advantages  claimed  for  it 
were  that  the  head  cleaned  itself  from  mud  and  ice,  and  it  gave  two 
lines  of  spikes  instead  of  one  as  on  the  other  rails,  and  reversibility, 
that  is,  when  one  side  has  worn  away  from  the  action  of  the  wheels,  it 
could  be  turned  round  to  give  further  use,  although  advantage  was 
rarely  taken  of  the  last  feature.  Incidentally,  it  also  did  away  with  at 
least  some  of  the  necessity  for  widening  the  gauge,  as  the  difference 
between  the  metallic  surfaces  was  widened  by  the  difference  of  the 
width  of  the  usual  tram  on  the  other  rails  and  the  small  spiking  flange 
on  the  center-bearing  rail. 

This,  in  short,  is  the  wi'iter's  understanding  of  the  development  of 
the  top  surfaces  of  street  railway  rails  in  this  country.  The  center- 
bearing  rail  undoubtedly  presented  many  advantages  to  the  railway 
company,  not  the  least  of  which  was  the  fact  tliat  it  was  much  more 
difficult  for  wagons  to  follow  this  rail  than  the  former  shapes,  although 
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Mr.  Angerer.  they  still  continued,  at  least  they  attempted,  to  follow  it  wherever  its 
surface  held  out  an  advantage  over  the  surface  of  the  pavement.  The 
objections  to  this  form  of  rail,  its  bad  influence  on  the  pavement 
through  the  obstructions  it  offers  to  vehicular  traffic,  are  well  known. 
The  unsightliness  and  disadvantages  of  these  rails  became  more  and 
more  apparent  as  the  pavements  and  the  methods  of  laying  the  pave- 
ments improved.  It  was  just  ten  years  ago  that  the  public  in  various 
places,  and  especially  in  New  York  City,  waged  war  against  the  center- 
bearing  rail,  which  ultimately  led  to  its  condemnation,  although  there 
is  still  a  large  amount  of  center-bearing  rail  in  the  streets  of  the  city  of 
New  York,  while  in  other  places  it  has  almost  disappeared. 

It  was  then  that  the  matter  of  the  iise  of  a  rail  with  narrow  grooves 
similar  to  the  rails  used  in  England  and  on  the  European  continent 
was  largely  advocated,  and  some  French  systems  particularly  were 
taken  as  models.  These  are  illustrated  in  Figs.  35  and  36.  Much  was 
written  and  said  at  that  time  as  to  the  practicability  of  the  use  of  such 


Fig.  36. 


Fig.  37. 


a  rail  in  American  cities.  By  the  grooved  rail  at  that  time  was  always 
understood  what  is  now  called  a  rail  with  a  flush  or  full  groove,  that  is, 
the  guard  or  tram  part  of  the  same  height  as  the  head.  The  main  ob- 
jection raised  against  these  rails  was,  at  that  time  at  least,  that  only  in 
the  very  rare  cases  of  the  principal  streets  in  the  principal  cities  was 
the  pavement  in  such  condition  that  drivers  would  not  wish  to  follow 
the  smooth  surfaces  of  the  rails,  and  as  there  was  nothing  to  guide 
them  on  the  flat  and  narrow  surface  of  the  full-grooved  rail,  they  would 
continually  slide  off  on  one  side  or  the  other,  and  soon  cut  ruts  along- 
side of  the  rail;  and,  as  a  second  objection,  that  the  grooves  could  not 
be  kept  free  from  dirt  or  ice  in  winter  except  at  very  great  expense, 
due  to  the  wagons  running  on  the  track  and  sweeping  the  dirt  into  the 
grooves,  and  on  account  of  the  greater  severity  of  the  climate  than  in 
those  parts  of  Europe  where  full-grooved  rails  are  in  more  universal 
use.  Both  assertions  were  proved  to  be  facts  by  pieces  of  track  laid 
with  flush-grooved  rails  m  several  cities,  some  with  rails  directly  im- 
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ported  frona  England,  and  some  with  similar  rails  rolled  in  this  Mr.  An^erer. 
coTintry.  It  was  then  that  the  half-grooved  rails  were  suggested,  and 
the  so-called  Richards  rail  of  that  type  and  some  other  rails  were  laid 
extensively  throughout  the  following  years  in  various  cities,  and  in 
fact  the  rails  laid  on  the  Broadway  and  Third  Avenue  cable  roads 
(Figs.  2  and  5)  are  representatives  of  this  type  of  rail.  The  idea  was 
that  the  tram  or  guard  part,  not  coming  up  to  the  full  height  of  the 
head,  would  give  some  guidance  to  the  wagon  wheels,  and,  further,  that 
the  reduced  dejath  of  the  groove  would  allow  it  to  clean  itself  more 
readily  by  the  action  of  the  wheel  flanges.  Both  objects  were  de- 
feated, at  least  to  some  extent,  lirst,  in  that  the  surface  presented  to 
the  wagon  wheels  was  too  small  and  therefore  quickly  worn  away,  and 
consequently  wear  was  thrown  on  the  adjoining  paving  stones  by  the 
wider  tires,  and,  further,  that  the  groove  did  not  clean  itself,  especially 
from  ice  and  snow  in  winter,  owing  more  particularly  to  the  lines  of 
the  sides  of  the  groove,  which  were  too  steej).  Some  other  rails  were 
designed  with  grooves  of  different  shapes,  apjiroximating  the  half 
groove,  but  with  roimding  sides,  as  in  Fig.  37.  These  cleared  them- 
selves of  dirt  to  some  extent,  but  not  sufficiently,  and  they  further 
developed  the  curious  difficulty  that  even  on  very  slight  curves  the 
flanges  of  the  wheels  showed  atendency  to  run  up  on  toji  of  the  rounded 
side  and  cause  the  car  to  leave  the  track.  This,  however,  could  have 
been  obviated  by  making  the  groove  somewhat  wider.  All  these  later 
rails  were  of  the  girder  type,  the  girder  rails  having  in  the  meantime 
largely  replaced  the  old  flat  rails  on  stringers,  which,  however,  had 
nothing  to  do  with  the  top  surface. 

It  is  but  natural  to  ask  why  a  full-grooved  rail  should  not  be  used 
in  this  country  as  it  is  in  London,  Paris  and  other  foreign  cities,  since 
American  pavements  have  attained  the  same  degree  of  excellence,  and 
the  princiiial  objection  is  thereby  removed.  The  conditions,  however, 
are  different.  In  the  cities  mentioned,  street  railways  are,  as  a  rule, 
banished  from  narrow  streets.  They  are  generally  given  the  privilege 
only  on  wide  streets  where  there  is  plenty  of  room  for  other  traffic, 
and,  besides,  the  streets  are  not  as  much  obstructed  by  teams  standing- 
along  the  curb  loading  and  unloading  in  front  of  warehouses  and  stores, 
as  they  are  in  great  commercial  cities  in  this  country,  all  this  work  being- 
done  more  or  less  in  back  streets  and  large  court  yards,  while  here  the 
street  railway  track  and  very  little  room  on  both  sides  of  it  offers  very 
often  the  only  unobstructed  passage-way  for  vehicles  and  wagons  in  the 
street.  Many  of  the  wide  avenues  in  New  York  are  obstructed  by 
elevated  railroad  posts,  cut  tip  into  three  strips,  so  to  speak;  the  two 
nearest  to  the  curbs  are  rarely  clear  for  vehicular  traffic,  and  the  central 
one  is  occupied  by  two  tracks  on  which  the  wagons  are  more  or  less 
compelled  to  run.  On  other  avenues  in  New  York  and  in  other  cities 
there  are  four  railway  tracks  running  parallel,  occupying  practically 
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Mr.  Angerer.  the  entire  width  of  even  the  wide  streets.  The  drivers,  even  if  they 
wanted  to,  cannot,  in  most  cases,  avoid  these  tracks.  They  do  not 
wish  to  overlap  them,  as  that  brings  the  smooth  surfaces  of  the  rails 
nnder  their  horses'  hoofs,  causing  them  to  slip,  and,  in  consequence,  if 
for  no  other  reason,  they  will  follow  the  track  as  much  as  the  track  will 
permit.  If  a  rail  with  a  flush  top  surface  like  the  English  grooved 
rails  is  used,  two  ruts  alongside  of  each  rail  will  soon  ajJi^ear.  If  a  rail 
is  used  that  gives  a  guide  to  the  wagon  wheels,  and  at  the  same  time 
gives  a  width  of  surface  for  the  wheels  to  run  on  equal  to  the  most 
prevalent  width  of  tire,  these  ruts  will  be  avoided,  and  the  only  marked 
lines  of  wear  on  the  pavement  will  be  on  both  sides  of  the  track,  pro- 
duced by  those  wagons  which  are  of  wider  gauge  than  the  track.  It  is 
the  writer's  opinion  that  the  last-named  wear  on  the  jjavement  is  less 
serious  than  the  ruts  alongside  the  flush -grooved  rail.  It  maybe  said 
that  in  Washington  the  flush-grooved  rail  has  come  into  extensive  and 
successful  use,  but  the  conditions  there  are  markedly  different  from 
those  of  commercial  and  industrial  cities,  the  streets  are  wide  and  un- 
obstructed, and  the  traffic  light.  It  will  also  be  observed  that  the 
flanges  on  the  car  wheels  used  in  Washington  are  much  smaller  than 
the  flanges  used  elsewhere;  the  narrow  groove  of  the  rails  will  not  per- 
mit larger  flanges.  The  railway  companies,  especially  those  using  me- 
chanical traction,  object  to  these  small  wheal  flanges,  not  as  a  matter 
of  economy,  beaause  the  wheels  wear  out  faster,  but  as  a  matter  of 
safety. 

Street  railways  now  extend  into  the  suburbs  of  the  cities,  and  the 
suburban  traffic  has  to  be  brought  into  the  heart  of  the  cities.  The 
cars  which  run  on  the  suburban  lines  also  have  to  run  on  the  tracks  in 
the  city  proper,  but  in  these  suburbs  the  speed  demanded  is  much 
greater,  and  the  greater  speed  demands  larger  flanges  on  the  wheels 
for  safety.  The  rail  of  the  Metroiiolitau  Traction  Company,  Fig.  3, 
gives  the  necessary  width  and  depth  of  groove  for  such  flanges,  but  it 
will  be  seen  that  it  will  allow  the  narrow  tires  of  light  buggies  to  drop 
quite  deep  in  the  groove,  below  the  part  of  the  side  rounded  off,  so  that 
turning  out  must  throw  quite  a  heavy  strain  on  the  light  wheels. 
Slightly  wider  tires  up  to  about  1^^  ins.  in  width  sink  into  the  groove, 
when  new,  just  far  enough  to  be  guided,  but  they  run  only  on  one 
edge,  and  the  tendency  would  be  to  wear  the  groove  wider  and  the 
sides  steeper.  Wide  tires,  on  account  of  the  tram  being  carried  to  a 
level  with  the  head,  have  no  guide,  and  are  free  to  slide  off  to  both 
sides,  and  produce  the  wear  on  the  pavement  mentioned.  The  extra 
width  of  the  tram  for  this  reason  does  no  particular  good.  If  the  tram 
was  lowered,  say  at  least  \  in.  below  the  head,  it  would  accomplish  its 
object  in  guiding  and  providing  a  surface  for  the  wagons.  This  lower- 
ing would  also  permit  the  side  of  the  groove  to  be  made  still  more  flar- 
ing, thereby  facilitating  the  turning  out  of  the  very  narrow  tires  and 
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increasing  the  chances  of  the  groove  clearing  itself  from  dirt  and  ice;  Mr,  Antcerer. 
it  does  not  do  it  now,  in  fact  it  is  said  that  some  diflficultv  has  been  ex- 
jjerienced  with  cars  running  ofi"  on  account  of  ice  in  the  groove. 

Without  going  into  the  details  of  increased  frictional  and  electrical 
resistance,  it  must  be  admitted  that  a  tolerably  clean  rail  is  essential 
for  the  practical  operation  of  sux'face  railways,  and  unless  the  rail  is 
so  shaped  that  there  are  good  chances  of  it  being  kept  clean  by  the 
action  of  the  wheels  themselves,  it  will  have  to  be  kept  clean  by  other 
means.  Scrapers  and  brushes  attached  to  the  car  necessarily  have  to 
be  of  a  somewhat  flexible  nature  so  as  not  to  catch  in  irregularities  or 
at  joints,  and  are  therefore  not  sure  to  remove  packed  and  frozen  dirt 
and  ice.  The  use  of  salt  would,  of  course,  help  this  somewhat,  but 
this  is  universally  objected  to  by  the  authorities  and  the  public.  Men 
Avith  hand  scrapers  to  walk  along  the  track  and  clean  the  groove  in 
accordance  with  European  practice  would  have  to  be  resorted  to,  but 
this  would  be  found 
hardly  practicable,  aside 

from  the  question  of  ex-      I 

l^ense,  in  some  of  our 
busy  streets.  In  view 
of  the  desirability  of  a 
clean  rail  head,  the  bevel 
on  the  back  of  the  head 

of  the  rail  shown  in  Fig.  ^* 

10,  which  has  been  called 
one  of  the  vices  of  this 
rail,  would  be  one  of 
its  virtues  from  a  rail- 
way standpoint,  and  the 

writer     cannot     under-  Fig.  38. 

stand  the  serious  objection  raised  against  it.  This  beveled  exten- 
sion of  the  head,  however,  has  been  put  on  not  solely  for  the  jjurpose 
of  allowing  the  wheels  to  clean  off  the  dirt  towards  the  outside,  but 
also  to  lorovide  for  a  wider  tread  on  the  wheel,  without  having  it  strike 
some  projecting  paving  stone.  In  the  writer's  oi3inion,  wider  treads 
on  the  wheels  ai'e  quite  certain  to  become  one  of  the  requirements  of 
the  street  railways,  owing  to  the  suburban  lines  above  referred  to, 
and,  further,  to  lessen  the  severity  of  wear  of  the  heavy  motor  cars  on 
frogs  and  switches.  If  the  life  of  the  latter  could  thereby  be  length- 
ened, and  the  disturbance  of  the  pavement  around  them,  due  to  their 
comparatively  frequent  replacements,  be  minimized,  it  would  be  one 
advantage  gained  from  the  paving  side  of  the  question.  With  this 
bevel  added  on  the  outside  of  the  head  of  the  rail  of  the  Metropolitan 
Traction  Company,  but  with  the  tram  lowered,  as  shown  in  Fig.  38, 
and  the  corner  at  the  gauge  line  of  this  rail  rounded  off  a  little  more, 
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Ml-.  Angerer.  tlie  resTilting  section  might  prove  the  right  form  for  the  best  paved 
streets.  The  writer's  plan  would  be  to  carry  the  pavement  not  quite 
np  to  the  level  of  the  head,  which  Avould  give  a  practically  even  sur- 
face all  over  the  street  with  very  little  obstruction  to  the  crossing  of 
vehicles  by  the  slightly  projecting  heads,  and  at  the  same  time  pro- 
vide for  some  of  the  necessities  pointed  out  in  regard  to  the  wagon 
traffic  running  longitudinally  with  the  tracks.  Where  the  pavement 
is  not  laid  with  such  nicety  as  to  level,  and  is  not  of  such  a  character 
that  it  wovild  keep  to  such  level,  the  writer  is  inclined  to  think  that  a 
toi3  similar  to  the  old  Philadelphia  tram  rail  is  i>robably  the  most  use- 
ful. On  curves,  especially  on  sharp  curves,  a  guard  rail  with  the 
guard  projecting  above  the  head  with  a  groove  sufficiently  wide  to 
allow  for  the  skewed  position  of  the  wheels  will,  of  course,  have  to  be 
used  to  insure  the  safety  of  the  cars  on  curves. 

As  to  the  tyjse  of  rail,  it  is  hardly  probable  a  railway  company  can 
be  found  to-day  which  is  willing  to  put  down  the  old  flat  rail  on  string- 
ers in  preference  to  the  girder  type,  except  for  repairs  in  some  old 
tracks.  The  more  permanent  and  solid  character  of  the  girder  rail 
constru.ction  also  makes  it  more  desirable  in  its  relation  to  the  pave- 
ment, provided,  of  course,  as  pointed  out  by  Mr.  North,  that  the 
spaces  underneath  the  head  and  the  tram  are  properly  filled  with  some 
material  before  paving,  when  stones  are  used  for  the  entire  pavement, 
or  alongside  of  the  rail  in  asphalt  pavements.  As  to  the  height  of  the 
girder  rails,  or,  in  other  words,  the  depth  to  which  the  ties  should  be 
buried  beneath  the  surface  of  the  street,  it  certainly  should  be  as  much 
as  9  ins.  where  blocks  are  used.  In  asphalt  pavements  where  the 
asphalt  is  carried  to  the  rail,  and  in  brick  or  similar  pavements,  7  ins. 
or  even  6  ins.  might  answer.  Mr.  North  has  well  pointed  out  the  rela- 
tive value  of  the  different  kinds  of  pavement  when  laid  alongside  of  a 
rail,  and  how  they  shoiild  be  laid. 

As  to  the  suggestion  of  an  iron  plate  laid  alongside  of  the  rail,  it 
would  only  prevent  the  ruts  from  forming  if  it  was  made  very  wide,  so 
that  the  wagons  would  not  be  apt  to  leave  it;  but  such  a  wide  metal 
surface  in  the  street  would  in  itself  be  objectionable,  woiild  be  diffi- 
cult to  keep  down,  and  would  quickly  wear  out  if  made  as  thin  as 
described. 

As  to  the  rails  for  steam  railway  cars  and  locomotives  in  city 
streets,  the  devices  described  are  certainly  among  the  best,  but  on 
account  of  the  absolutely  necessary  depth  and  width  of  the  grooves, 
it  is  doubtful  whether  any  rail  for  this  purpose  can  be  devised  which 
would  not  be  objectionable  and  destructive  to  the  pavement  in  city 
streets.  Fortunately,  the  steam  railway  track  in  paved  city  streets  is 
on  the  wane. 
Mr.  Price.  W.  G.  Pbice,  M.  Am.  Soc.  C.  E. — Since  the  introduction  of  electric 
traction  there  has  been  a  great  increase  in  the  niimber  of  flat  wheels 
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produced  on  street  cars.  This  is  due  to  the  increased  speed  at  which  Mr.  Piice. 
the  cars  are  run,  and  to  the  increase  of  weight  on  each  wheel,  which 
has  been  more  than  doubled.  When  light  trail  cars  are  hauled  by  elec- 
tric motor  cars  it  is  seldom  that  a  Hat  wheel  is  made  on  the  trailer,  and 
but  few  flat  wheels  are  produced  on  the  light  cable  cars.  The  wheel 
is  flattened  by  sliding  it  on  a  dry  or  sanded  rail.  When  the  bearing- 
surface  of  the  rail  is  level,  and  the  tread  of  the  wheel  is  conical  or 
beveled,  as  in  Fig.  39,  the  contact  between  the  wheel  and  the  rail  is  a 
mere  point;  when  the  wheel  slides  the  metal  of  the  wheel  is  heated  and 
softened  at  this  point  and  is  easily  abraded  so  as  to  produce  a  flat 


Fig.  40. 


spot.  By  changing  the  form  of  the  rail  to  that  shown  in  Fig.  40, which 
is  beveled  to  fit  the  conical  wheel  tread,  a  much  larger  surface  of  the 
wheel  will  be  in  contact  with  the  rail,  and  it  will  require  a  much  greater 
weight  to  produce  abrasion  Avhen  it  slides. 

This  form  of  rail  has  been  adojited  by  the  Chicago  City  Railway 
Company,  and  is  proving  to  be  very  satisfactory.  Old  rails  are  found 
to  be  worn  to  this  shape,  which  has  been  done  at  the  expense  of  much 
abnormal  wear  to  the  wheels.  When  the  rail  is  beveled,  the  wheels  re- 
tain the  beveled  tread,  which  is  necessary  to  enable  a  lagging  wheel  to 
catch  up  without  slijiping  on  a  straight  track.     The  bevel  of  the  wheel 
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Mr.  Price,  is  of  very  little  benefit  on  street  railway  curves,  owing  to  their  short 
radius.  Figs.  40  and  41  show  sections  of  rails  now  in  use  on  the  State 
Street  cable  line,  the  height  of  the  head  being  1-,^-  ins.  It  is  beveled 
to  conform  to  the  bevel  of  the  car  wheel  for  two-thirds  of  its  width 
from  the  gauge  line  across  the  head.  There  is  jirobably  a  slight  slip- 
ping of  the  wheels  on  the  rails  due  to  the  unequal  diameters  of  the 
wheel  at  the  points  of  contact.  The  point  c  will  travel  faster  than 
than  b,  and  a  will  travel  slower  than  b.  The  waste  of  power  due 
to  this  slipping  is  very  slight,  for  considering  the  coefficient  of  friction 
as  0.15,  it  will  be  found  that  for  a  load  of  1  ton  at  a  speed  of  10  miles 
per  hour,  the  energy  consumed  to  produce  this  slipping  is  0.0104  H.-P. 
The  experience  of  the  Chicago  City  Railway  Company  has  been  that 
the  beveled  rail  saves  wear  of  both  rails  and  wheels,  increasing  their 
life  by  about  35  per  cent.     Fig.  42  shows  a  section  of  a  new  and  old  car 


Fig  42. 


Fig.  41. 
wheel,  which  illustrates  clearly  the  manner  in  which  the  tread  will  wear 
if  used  on  a  rail  with  no  bevel. 

The  cast- welded  rail  joint  is  a  great  imjirovement  oversold  methods, 
as  it  reduces  largely  the  repairs  required  to  track  and  cars,  greatly  in- 
creases the  life  of  the  rail,  and  increases  the  number  of  passengers 
carried,  as  the  cars  run  with  much  less  noise  and  vibration.  A  lighter 
rail  can  also  be  used. 

Mr.  M.  K.  Bowen,  Superintendent  of  the  Chicago  City  Railway 
Company,  has  made  the  following  statements:* 

"  Seventeen  thoiisand  joints  were  put  in  during  the  year  1895,  and 
of  these  only  154  joints  were  lost.  The  joint  in  comparative  tests  has 
been  shown  to  be  far  stronger  than  the  rail  itself,  and  such  breakages 
as  have  occurred  were  due  to  a  flaw  in  the  metal.  The  metal  cast  around 
the  joint  has  eight  times  the  cross-section  area  of  the  rail.     Hence, 


1896. 


*  In  a  paper  presented  to  the  American  Street  Railway  Association,  October  20tli, 
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considering  steel  as  four  times  as  strong  as  cast  iron,  the  joint  is  twice  Mr.  Price, 
as  strong  as  the  rail.  It  has  been  found  in  some  cases  where  this  joint 
was  used  at  crossings  with  other  tracks,  that  the  tracks  were  apt  to  be 
pulled  out  of  shape  through  the  changes  of  temperature.  To  over- 
come this,  the  joint  nearest  the  crossing  should  be  anchored  in  a  sub- 
stantial manner.  The  method  of  making  the  joint  is  as  follows:  The 
rails  at  the  joint  are  scraped  and  brightened,  a  cast-iron  mold  is 
placed  around  the  joint,  making  a  tight  lit.  Into  this  the  molten 
iron,  25)'o  scrap,  25^%^"  soft,  and  50%  hard  silicon  pig  iron,  is  poured; 
the  metal  in  contact  with  the  mold  begins  to  cool  and  form  a  crust 
while  the  interior  remains  molten.  This  crust  continues  to  cool,  and 
at  the  same  time  contracts,  forcing  the  molten  metal  strongly  toward 
the  center,  which  makes  a  solid  and  rigid  joint.  The  top,  or  bearing 
jjart  of  the  ball  of  the  rail  is  afterwards  filed  oflf  perfectly  level,  so  that 
it  is  very  difficult  to  detect  a  joint  by  riding  over  it  or  looking  for  it. 
Upon  breaking  a  joint  which  has  been  cast-welded,  three  sjjots  -will 
usually  be  found  where  amalgamation  has  taken  place  between  the 
rail  and  cast  portion,  one  on  each  side  of  the  w-eb  of  the  rail  and  the 
other  on  the  bottom.  These  spots  are  from  1^  to  2  ins.  in  diameter. 
There  has  been  some  discussion  as  to  its  being  a  bond  for  carrying 
electric  ciirrent.  I  cannot  recommend  it  with  certainty,  as  there  are 
occasional  joints  which  I  have  taken  oft'  where  no  amalgamation  has 
taken  place  whatsoever,  thus  destroying  the  effect  as  a  bond  of  all 
joints  in  that  line  of  track.  To  overcome  this  difiiculty  I  have  adopted 
the  plan  of  bonding  all  joints.  However,  further  experiments  and  care 
in  the  casting  of  joints  may  develop  their  efliciency  as  a  bond." 

The  question  as  to  what  condition  a  track  should  be  allowed  to 
deteriorate  before  beginning  repairs  is  a  very  important  one.  There 
is  a  point  of  time  in  the  life  of  the  track  at  which  money  expended  in 
repairs  will  be  most  eflicient.     Mr.  Bo  wen  says  on  this  subject: 

"  The  task  of  solving  this  question  was  brought  before  me  not  long 
ago  concerning  the  State  Street  cable  track,  which  had  reached  a  de- 
plorable condition.  I  had  run  over  the  line  a  car  weighing  8  665  lbs. , 
attached  behind  a  grip-ear  by  means  of  a  recording  spring  balance 
called  a  dynamometer.  This  test  car  was  then  run  over  a  track  newly 
made  at  the  same  speed  as  over  the  old  line;  the  dynamometer  showed 
that  it  took  13.75  lbs.  more  pull  i>ev  ton  to  haul  cars  over  the  old  line 
that  over  the  new.  The  average  speed  of  cars  on  this  street  is  12 
miles  per  hour.  The  excess  horse-power  required  to  haul  1  ton  was 
0.44,  and  the  excess  cost  of  hauling  1  ton  one  hour  was  itpO.0088.  The 
number  of  tons  hauled  1  mile  per  year  on  this  track  was  45  147  537, 
and  the  time  required  to  haul  1  ton  1  mile  was  five  minutes;  and 
45  147  537  tons  hauled  at  a  given  speed  for  five  minutes  is  equal  in  work 
done  to  3  762  295  tons  hauled  at  the  same  speed  for  one  hour;  3  762  295 
multiplied  by  ^0.0088  equals  .^33  108,  which  is  the  excess  cost  per  year 
for  hauling  cars  on  account  of  bad  track.  It  is  estimated  that  the  new 
track  with  cast  joints  will  last  twelve  years,  and  as  there  will  be  no 
low  joints  the  drawbar  j)ull  will  not  increase  much  until  the  rail  is 
worn  down  sufiiciently  to  allow  the  wheel  to  run  on  the  flange,  so  the 
annual  saving  will  be  nearly  f 33  108,  during  the  life  of  the  rail,  and 
the  total  saving  will  be  $397  276,  which  in  twelve  years  will  pay  prin- 
cipal and  interest  on  .$293  444,  which  is  the  amount  we  could  profit- 
ably expend  in  reisairs.  The  actual  cost  of  rebuilding  this  track  was 
$61670." 
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Mr.  Price.        It  is  evident  that  if  this  track  had  been  repaired  at  a  much  earlier 
date,  a  considerable  amount  of  money  that  was  used  in  buying  coal  and 
rei^airing  rolling  stock  could  have  been  added  to  the  dividends. 
Mr.  Jennings.        "W.  T.  JENNINGS,  M.  Am.  Soc.  C.  E. — Toronto  has  now  about  80  miles 
of  track,  yielding  .'564  000  per  annum  for  track  mileage  rental. 

A  clause  in  the  condition  of  the  sale  of  the  street  railway  franchise, 
dated  May  5th,  1891,  reads  as  follows: 

"The  city  will  construct,  reconstruct  and  maintain  in  repair  the 
street  railway  portion  of  the  roadways,  viz.,  for  double  track  16  ft. 
6  ins. ,  and  for  single  track  8  ft  8  ins. ,  on  all  streets  traversed  by  the 
railway  system,  but  not  the  tracks  and  substructure  required  for  the 
said  railways." 

The  railway  company  pays  to  the  city  treasury  the  sum  of  ^800  per 
annum  per  mile  of  single  track,  sidings  and  turn-outs  not  being  counted 
as  track  mileage,  and  also  pays  the  following  percentages: 
On  gross  receipts  up     to    $1  000  000  per  annum,  8% 

between  $1  000  000  and  ^1  500  000  per  annum,  10% 

"       "  "  "        ^1 500  000  and  .$2  000  000,  12% 

"       "           "               "        S2  000  000  and  .$3  000  000,  15% 
over  ^3  000  000 20% 

The  annual  receipts  in  1886  were  about  $1  000  000. 

The  company  is  to  maintain  the  track  in  a  state  of  thorough  efficiency, 
and  remove,  renew  or  replace  it,  as  the  city  engineer  may  direct.  The 
specifications  provide  that  cars  are  not  to  be  overcrowded;  a  comfort- 
able number  of  passengers  for  each  class  of  cars  is  to  be  determined 
by  the  city  engineer  and  approved  by  the  city  counsel.  Cars  are  to 
have  right  of  way,  and  vehicles  or  persons  are  not  to  obstruct  or  delay 
their  ojieration. 
Mr.  Gushing.  E.  B.  CusHiNG,  M.  Am.  Soc.  C.  E.— In  connection  with  the  subject 
of  more  permanent  methods  in  street  railway  construction,  and  the 
consequent  less  frequent  disturbance  of  pavements,  it  would  be  profit- 
able to  consider  the  preservation  of  timber  used  in  such  construction. 
There  is  quite  a  variation  in  the  life  of  ties  of  the  same  kind  of  timber. 
In  an  instance  which  came  under  the  writer's  notice,  the  best  of  a  lot  of 
ties  used  in  construction  lasted  nearly  twice  as  long  as  those  which  first 
failed,  althovigh  of  the  same  timber.  "When  the  wood  began  to  rot, 
some  part  of  the  line  was  thus  disturbed  yearly  for  tie  renewals.  Un- 
less the  conditions  are  such  that  the  beds  of  the  ties  are  generally  dry, 
those  methods  of  preservation  in  which  mineral  salts  are  used  will 
13robably  not  be  satisfactory,  as  such  salts  are  easily  soluble  in  water. 
The  use  of  dead  oil  of  coal  tar,  creosote,  would  without  doubt  be 
"  economical.     Sap  pine,    Pinus  miiis,  suitable  for  creosoting,   can  be 

l^urchased  in  southern  markets  at  from  !$1  to  $4  less  per  1  000  ft.  B.  M. 
than  the  heart  pine.  Ties  of  this  timber  treated  with  12  to  14  lbs. 
dead  oil  per  cubic  foot  could  probably  be  obtained  for  60  to  80  cents 
each,  f.  o.  b.,  at  any  creosote  works  situated  convenient  to  timber 
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supply.  Such  ties  would  last  from  18  to  25  years.  While  it  is  de-  Mr.  Cushing. 
sirable  to  have  timber  treated  at  regular  creosoting  works  in  order  tliat 
the  best  results  be  obtained,  the  writer  believes  that  should  trans- 
portation charges  render  this  impracticable,  a  street  railway  comiJauy 
having  extensive  mileage  could  construct  at  its  power  house,  at  rea- 
sonable cost,  an  apparatus  for  boiling  seasoned  timber  in  the  oil,  and 
that  the  interest  on  the  cost  of  such  a  plant  would  be  more  than  saved 
in  the  annual  timber  renewals.  Creosote  does  not  permeate  to  the 
center  of  the  timber,  but  forms  a  black  ring  an  inch  or  so  in  thickness, 
thus  excluding  the  elements  of  decay.  Where  it  becomes  necessary  to 
trim  or  cut  the  timber  after  treatment,  it  is  important  to  ajjply  hot 
creosote  with  a  brush  to  the  place  cut,  and  where  track  is  regauged, 
the  hot  liquid  should  be  poured  into  old  sj)ike  holes.  The  neglect 
of  this  simple  matter  has  caused  failure  of  creosoted  timber  that  would 
otherwise  have  lasted  many  years. 

Horace  Andrews,  M.  Am.  Soc.  C.  E. — In  Albany  the  side-bearing  M-.  Andrews, 
rail  was  prescribed  by  the  common  council  in  1885,  and  as  the  old 
center-bearing  rails  wore  out,  they  were  replaced  by  side-bearing 
rails  of  the  general  shape,  on  the  wearing  surface,  of  Fig.  4.  A  9-in. 
girder  rail,  similar  to  Fig.  4  in  all  respects,  is  the  latest  pattern, 
adojsted  after  numerous  trials  of  different  forms.  On  asphalt-paved 
streets  granite  blocks  were  laid,  alternate  headers  and  stretchers,  and 
the  general  surface  of  the  asphalt  between  the  rails  was  kept  at  the 
level  of  the  top  of  the  rail.  Owing,  as  the  writer  believes,  to  the  in- 
sufficient and  improper  foundation  of  the  rails,  the  blocks  were  shaken 
loose  at  many  places,  and  the  railway  company  has  taken  them 
up.  In  replacing  the  asphalt  its  surface  has  been  kept  level  with 
the  inside  flange  of  the  rail,  thus  increasing  the  difficulty  of  crossing 
the  track.  Whether  ruts  will  form  in  the  asphalt  adjacent  to  the  rails 
remains  to  be  seen.  Last  summer  brick  pavement  was  laid  on  an 
avenue  where  there  was  about  6  500  ft.  of  double  track.  The  writer 
urged  the  railway  company  to  dispense  with  wooden  ties  or  sleejjers, 
instancing  the  practice  in  Toronto,  where  it  is  stated  the  result  from 
laying  the  rails  directly  on  Portland  cement  concrete  has  been  quite 
satisfactory.  The  company  believed  its  interests  would  be  secured  by 
the  use  of  wooden  ties,  however,  and  used  these,  spaced  about  2  ft. 
between  centers.  Fortunately  in  this  instance,  the  first  in  the  city, 
concrete  was  laid  below  the  ties  to  a  depth  of  6  ins.,  and  the  railway 
company  tilled  between  and  over  the  ties  to  within  about  6  ins.  of  the 
surface  of  the  pavement,  with  concrete.  Molded  bricks  were  used  to 
fit  under  the  flanges  of  the  rail,  a  different  pattern  being  required  on 
each  side. 

In  Albany  the  expense  of  new  pavements  may  be  assessed  "  among 
all  the  houses  and  lots,  vacant  lots  and  franchises  intended  to  be  bene- 
fited."   Until  1891  the  expense  to  be  borne  by  the  street  railways  waii 
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Mr.  Andrews,  detined  by  law  as  that  for  work,  labor  and  materials  required  to  pave 
between  the  rails  at  each  track,  and  no  more.  This  has  been  amended 
so  as  to  leave  the  assessment  discretionary,  as  above  noted. 

Large  assessments  have  been  paid  by  the  railway  comi^any,  as 
almost  every  street  where  tracks  are  laid  has  been  repaved  with  granite, 
asphalt  or  brick  within  the  jiast  ten  years.  The  benefit  accruing  to 
the  railway  company  from  the  repaving  of  a  street  may  appear  slight, 
but,  when  a  side-bearing  rail  is  employed,  a  good  pavement  tends  to 
divert  the  traffic  from  the  rails,  which  are  otherwise  the  pleasantest 
and  most  used  part  of  the  street,  and  thus  the  company  gains  an  in- 
cidental benefit. 

There  are  four  matters  suggested  by  the  papers  on  which  further 
information  is  to  be  desired : 

First. — Can  the  form  of  rail  shown  in  Fig.  3  be  used  in  connection 
with  Fig.  4  with  car  wheels  of  ordinary  pattern  ? 

Second. — If  a  concrete  base  is  to  support  the  rail,  without  ties,  is 
not  a  6-in.  girder  rail  with  a  wide  bottom  flange  better  than  a  9-in. 
girder  rail,  especially  with  brick  or  asphalt  pavements? 

Third. — With  a  good  block  or  brick  pavement  cannot  the  rails  be 
preserved  to  correct  gauge  without  the  use  of  cross-rods  at  frequent 
intervals  ?  The  writer  has  seen  a  brick-paved  street  where  these  rods 
were  entirely  omitted,  yet  the  gauge  was  well  maintained.  The  rods 
are  much  in  the  way  when  paving  with  blocks  or  brick.  With  bricks 
especially  they  interfere  sadly  with  correct  alignment. 

Fourth. — What  is  the  best  position  for  the  wires  making  the  electric 
bond  between  rails  ?  It  would  seem  easier  to  pave  between  the  rails 
with  the  bond  on  the  flange  and  not  on  the  web  of  the  rail. 
Mr.  Tratman.  E.  E.  RussELL  Tratman,  Assoc.  M.  Am.  Soc.  C.  E. — ^It  is  unfortunate 
that  there  should  exist  such  inhai'monious  relations  between  the  street 
railway  companies  and  the  municipal  authorities,  by  which  the  jjublic 
has  to  suffer.  The  streets  are  laid  oat  and  maintained  for  the  accom- 
modation of  the  public,  and  the  street  railway  is  simply  allowed  to 
use  them  in  affording  better  accommodation  and  more  rapid  means  of 
transportation  for  those  who  care  to  pay  for  such  increased  facilities. 
It  has,  of  course,  certain  rights,  inchiding  a  right  of  way  for  its  cars, 
but  it  has  no  right  to  interfere  with  the  use  of  the  street  by  the  public 
at  lai'ge.  If  the  comjiany's  charter  requires  the  company  to  do  its 
share  of  the  paving,  means  should  be  taken  to  enforce  compliance 
with  this  requirement.  If  there  is  no  such  provision,  then  it  is  the 
dtity  of  the  city  to  see  that  the  street  is  projierly  paved  and  main- 
tained. The  experience  at  Washington  has  shown  that  railway  com- 
panies can  be  held  in  control  in  respect  to  this  matter,  and  there 
is  no  good  reason  why  this  should  not  be  done  in  cities  having  the 
ordinary  form  of  municipal  government.  One  actual  reason,  but  not 
a  good  one,   is  the  bad  system  of  organization  of  such  government 
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in    many  cities,    and    its  control    by  politicians    for    party    and    per-  Mr.  Tratman. 
sonal  interests  rather  than  public  interests.     Without  good  governing 
bodies  it  is  useless  to  expect  good  government,  good  streets  or  good 
administration  of  affairs. 

As  to  the  special  tracks  for  steam  railway  traffic  on  city  streets, 
while  there  may  be  cases  where  such  construction  is  still  necessary,  it 
should  be  emphatically  stated  that  at  this  time  a  paved  street  is  no 
place  for  a  steam  railway  to  occupy. 

O.  H.  Tripp,  Assoc.  M.  Am.  Soc.  C.  E. — In  1892  a  street  railway  Mr.  Tripp, 
company  began  operations  in  Rockland,  Me.,  and  received  permission 
to  use  a  X-J'^il-  The  main  street  through  the  center  of  the  town  is 
paved  with  granite  blocks  on  gravel  with  gravel  joints,  and  for  some 
distance  to  the  north  of  this  paving  the  space  between  the  rails  and 
14  ft.  outside  is  also  paved.  The  city  paid  for  the  blocks,  and  the 
company  did  the  work.  Through  the  portion  of  the  street  paved,  the 
track  is  in  the  center  of  the  street ;  where  the  track  is  on  the  side,  no 
paving  whatever  was  done.  The  track  is  of  50-lb.  T-rails,  and  where 
there  is  a  pavement  it  is  on  cast-iron  chairs  to  admit  the  depth  of  the 
paving  blocks.  The  ties  are  about  5  ins.  deep  by  6  ins.  wide  and  7  ft. 
long.  The  consequences  of  this  construction  are  just  what  any  one 
familiar  with  such  tracks  would  readily  foresee.  The  groove  inside  the 
rail  is  such  that  there  is  constant  danger  of  crippling  the  wheels  of 
any  light  carriage  caught  in  it,  unless  great  care  is  taken,  and  in  many 
places  the  outside  rut  is  nearly  as  bad.  Several  lessons  may  be 
learned  from  such  an  exi^eriment.  Among  them,  speaking  more  espe- 
cially of  small  towns,  would  seem  to  be: 

First. — The  advice  of  an  expert  should  be  asked  before  granting 
any  right  of  way,  and  the  whole  structure,  by  constant,  careful  in- 
spection, should  be  made  to  correspond  to  his  instructions. 

Second. — The  company  should  be  rigidly  bound  to  keep  the  part 
of  the  street  occupied  by  it  in  complete  repair  at  all  times  and  under 
all  circumstances,  so  as  to  offer  the  least  possible  interference  with 
usual  traffic  of  the  street. 

Edwin  Mitchell,  Assoc.  M.  Am.  Soc.  C.  E. — The  ideally  perfect  Mr.  Mitchell. 
railway  track  on  a  paved  street  would  be  one  that  does  not  interfere 
with  other  traffic  on  the  street,  while  properly  fulfilling  its  purpose  as 
a  railway.  To  approach  this  perfection  two  conditions  must  be  ful- 
filled; the  rail  must  make  the  least  possible  break  in  the  evenness  of 
the  street  surface,  and  the  construction  and  material  must  be  of  such 
strength  and  durability  as  to  cause  the  least  possible  necessity  for  re- 
pairs. That  there  is  little  track  which  begins  to  approach  these  con- 
ditions is  not  surprising,  considering  the  quick  growth  of  rapid 
transit  systems.  Ten  years  ago  nearly  all  street  cars  were  light  horse 
cars  drawn  at  a  rate  seldom  exceeding  six  miles  an  hour.  Now  there 
are  electric  cars  with  as  much  as  5  tons  on  a  single  axle  running  at 
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Mr.  Mitchell,  rates  of  15  and  even  20  miles  an  hour.  This  development,  of  course, 
could  not  be  foreseen  in  the  first  days  of  rapid  transit  in  cities,  and 
there  were  very  insufficient  provisions  in  regard  to  methods  of  con- 
struction in  nearly  all  of  the  franchises  first  given.  That  many  of  the 
franchises  granted  in  more  recent  years  are  little  better  in  their  pro- 
visions in  regard  to  manner  of  construction  and  maintenance  of  the 
streets  is  a  fact  reflecting  great  discredit  on  the  bodies  disposing  of 
such  valuable  privileges.  The  majority  of  the  recent  franchises  have 
contained  provisions  of  greater  or  less  stringency  in  regard  to  main- 
tenance of  the  paving  about  their  tracks.  There  are  instances  where 
an  enlightened  management  has  been  alive  to  the  fact  that  their  own 
interests  consisted  in  the  best  possible  construction,  but  the  attain- 
ment of  good  construction  must  usually  be  accomplished  by  munici- 
pal regulations. 

It  is  interesting,  in  this  connection,  to  see  what  has  been  accomp- 
lished in  those  cities  which  have  the  most  satisfactory  street  railway 


Fig.  43. 


Fig.  44. 


tracks.  In  Washington  street  railway  building  has  proceeded  under 
much  stricter  regulations  and  with  better  results  as  regard  track  and 
foundation  than  in  any  other  city  of  which  the  writer  has  knowledge. 
Fig.  43  shows  the  head  of  the  rail,  adopted  by  the  Washington  and 
Georgetown  Railroad  Company,  now  the  Capital  Traction  Company, 
for  their  cable  lines.  This  is  an  80-lb.  rail,  6  ins.  high,  with  a  6-in. 
base.  Fig.  44  shows  the  head  of  the  rail  adopted  by  the  Metro- 
politan Railroad  Company  for  their  underground  electric  lines. 
This  is  an  83-lb.  rail,  6|  ins.  high,  with  a  4? -in.  base.  The  Columbia 
cable  road  has  a  rail  almost  the  same  as  that  of  the  Capital  Traction 
Company.  It  can  readily  be  seen  that  no  ordinary  wheel  tires  can  slij) 
into  these  grooves.  The  roads  mentioned,  having  a  central  conduit, 
cannot  make  use  of  cross-tie  construction.  Fig.  45  is  a  cross-section 
of  the  road-bed  of  the  Capital  Traction  Company.  The  cross-section 
of  the  Columbia  Railway  Company  is  similar,  except  in  the  paving. 
The  latter  company,  however,  has  the  yokes  spaced  5  ft.  apart,  while  the 
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other  lines  liave  4^-ft.  intervals.     The  underground  electric  lines  differ  Mr.  Mitchell, 
in  having  a  shallower  conduit  and  yoke.     In  these  roads  there  is  no 
material  to  decay,  and  with  a  perfect  joint  they  would  be  as  near  ever- 
lasting as  could  be  devised. 

The  joints  of  the  Cajsital  Traction  Company  are  light  four-bolt 
angle  bars,  which  have  sunk  and  given  a  great  deal  of  trouble.  A  num- 
ber of  cast-welded  joints  have  been  jjut  in  during  the  past  year  as  an 
experiment.  The  tracks  of  the  Columbia  and  of  the  Metropolitan 
roads,  which  have  been  built  more  recently,  have  heavy  six-bolt  angle- 
bar  joints,  and  they  have  given  little  trouble,  as  yet.  From  an  exten- 
sive experience  with  steam  railroad  track,  however,  the  writer  believes 
that  there  is  no  form  of  splice  joint  supporting  only  the  head  of  the 
rail  which  will  maintain  a  good  surface  for  any  great  length  of  time; 
and  he  believes  this  to  be  even  more  true  of  street  railway  track  where 
the  joints  are  out  of  sight,  and  constant  vigilance  cannot  be  exercised 
for  loose  bolts. 


SECTION  BETWEEN  YOKES 

1  ASPHALTUM 


SECTION  AT  YOKES 


Fig.  45. 

On  the  lines  of  the  Capital  Traction  Comj^any  and  the  Metropolitan 
Railroad  Company,  the  asphalt  has  been  laid  up  to  the  rails  and  is 
cracked  and  broken  in  many  places.  On  the  Columbia  Railway  vitri- 
fied brick  have  been  used  between  the  rails  with  a  toothing  course  of 
brick  on  the  outside,  and  the  adjoining  asphalt  is  well  keyed  and  is 
preserved  in  good  condition.  The  horse-car  lines  in  Washington  have  a 
grooved  rail,  as  ordained  by  Congress,  laid  on  cross-ties  with  a  cobble 
or  block  pavement  between  the  rails. 

For  a  track  with  a  firm  jjavement  and  pavement  foundation  on  both 
sides  of  its  rails  and  where  all  portions  of  it  cannot  be  examined  at 
frequent  intervals  and  loose  ties  secured  and  low  places  raised  by 
tamping,  a  longitudinal  system  of  sujsports  giving  a  continuous  bear- 
ing seems  to  the  writer  to  be  the  logical  method  of  construction.  One 
advantage  of  this  in  laying  the  track  is  that  it  is  necessai-y  to  excavate 
to  the  full  depth  of  the  track  foundation  for  only  a  narrow  space  be- 
neath the  rails.  In  Detroit,  where  a  new  railway  was  put  down  in  a 
■well-paved  street,  only  sufficient  pavement  was  taken  up  to  excavate  a 
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Mr.  Mitchell,  trench  for  the  concrete  stringers  and  to  jjut  the  tie-rods  in  jjlace.  All 
perishable  material  should  be  avoided.  The  only  instances  where 
such  track  construction  has  been  adopted — a  rail  laid  directly  on  a  lon- 
gitudinal concrete  support — of  which  the  writer  can  obtain  knowledge, 
are  in  the  cities  of  Montreal,  Toronto,  Detroit,  Minneapolis  and  St. 
Paul,  and  in  all  of  these  places  the  method  seems  to  have  given  a  satis- 
factory track. 

From  a  study  of  what  has  been  accomplished  so  far,  the  best  track 
for  rapid  transit  railways  in  a  paved  street  would  seem  to  be  a  rail 
similar  to  those  in  use  in  Washington,  made  8  ins.  high,  however,  if 
granite  or  asjahalt  block  paving  is  used,  laid  on  a  concrete  stringer  or 
a  flat  metallic  stringer,  bedded  in  concrete,  with  tie-rods  at  6-ft.  inter- 
vals, with  a  strong  base-supporting  joint,  preferably  a  welded  joint  if 
the  difficulty  with  broken  rails  is  not  too  great.  If  the  track  is  in  an 
asphalt-paved  street,  toothing  courses  of  brick  will  make  the  smoothest 
and  best  bond  for  the  asphalt  at  the  sides  of  the  rail. 
Mr.  Plimpton.  Akthur  L.  Plimpton,  M.  Am.  Soc.  C.  E. — In  speaking  of  the  con- 
dition of  things  where  the  municipality  keeps  the  whole  pavement  in 
repair  and  collects  from  the  company  the  cost  of  the  latter's  part  be- 
tween tracks,  Mr.  Owen  says:  "  This  might  work  satisfactorily  if  one 
point  did  not  come  up  to  create  trouble.  It  is  the  one  point  that  is  going 
to  make  endless  friction  and  is  the  unconsidered  element,  viz.,  the  re- 
pairing and  renewing  of  the  track  itself. "  The  author  here  certainly 
touches  upon  what  is  already  proving  to  be  and  will  be  more  and  more 
in  the  near  future  the  greatest  difficvilty  of  all,  for  up  to  the  present 
time  the  best  street  railroad  track  known  on  which  a  large  number  of 
cars  are  operated  will  give  out  long  before  the  pavement  needs  renew- 
ing, i^rovided  the  latter  consists  of  granite  blocks  laid  on  a  concrete 
foundation  at  the  time  the  track  was  built.  Mr.  Owen  refers  to  the 
practice  of  maintenance  of  track  on  steam  railroads,  and  does  not  seem 
to  appreciate  the  real  reason  why  similar  methods  are  not  followed  on 
even  the  best  managed  street  railroads,  biit  the  writer  will  state  that  it 
is  a  vastly  diflfereut  matter  keeping  track  in  good  condition  on  a  street 
railroad  from  what  it  is  on  a  steam  road,  where  the  location  is  owned 
and  entirely  under  the  control  of  the  company,  and  every  bolt  and  nut 
is  in  sight.  A  steam  railroad  roadmaster  told  the  writer  that  he  let 
the  street  crossings  go  as  long  as  possible  without  repairs,  as  it  was  so 
difficult  to  get  at  the  tracks  at  such  places.  On  the  street  railroad  it 
is  all  like  the  street  crossing  of  the  steam  road,  it  is  all  in  the  street. 
It  is  absolutely  impossible  to  do  anything  in  the  way  of  setting  up 
bolts  to  a  track  as  now  generally  built  without  the  removal  of  and 
therefore  permanent  injury  to  the  pavement.  Hence  the  early  attempts 
that  were  made  to  introduce  boxes  at  the  joints,  which  would  allow 
access  to  the  bolts  and  nuts  by  removal  of  an  iron  cover  in  the  surface 
of  the  street,  but  these  did  not  prove  to  be  satisfactory  and  have  been 
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given  lip.     In  short,  the  difficulty  and  expense  of  watching  and  keep-  Mr.  Piimiiton. 
ing  the  fastenings  tightened  up  is  so  great  that  no  attempt  is  really 
made  to  do  it  until  the  track  has  fallen  into  bad  shape. 

Street  railroad  companies  have  by  no  means  been  idle,  but  have  been 
striving  all  the  time  to  build  a  track  in  such  manner  as  to  require 
practically  no  repairs ;  notably,  such  improvements  as  making  frogs  and 
switches  of  solid  construction  instead  of  in  separate  parts  bolted 
together,  making  the  frog  centers  and  the  parts  of  the  switches  that 
would  ordinarily  wear  out  first  of  specially  hardened  steel,  making  a 
steam  railroad  crossing  one  solid  structure  throughout,  laying  tlu' 
track  on  a  concrete  foundation,  making  the  rails  themselves  of  harder 
steel,  the  use  of  60-ft.  rails  instead  of  30-ft. ,  and  the  welding  of  the 
joints  of  the  track  itself.  These  are  all  in  the  line  of  a  longer  life  for  the 
track  and  really  seem  to  be  the  only  direction  in  which  to  work  to  help 
the  problem. 

With  regard  to  the  ideal  track  on  Beacon  Street  in  Brookline,  where 
the  tracks  are  on  a  reservation  20  ft.  wide  all  grassed  over,  it  has  i^roved 
to  be  a  great  mistake,  as  was  predicted  in  advance,  to  try  to  raise  grass 
on  a  railroad  track,  for  not  only  is  it  impossible  to  maintain  the  track 
at  a  good  surface  owing  to  the  loam  working  down  into  the  gravel  bed, 
but  the  life  of  the  ties  is  shortened  and  in  winter  the  freezing  of  the 
loam  causes  an  uj^heaval  of  the  surface  so  great  in  places  that  it  has 
to  be  trimmed  off  in  order  to  allow  the  cars  to  pass  over  without  scrap- 
ing, thus  defeating  the  very  object  of  having  it  a  grass  reservation. 

In  the  writer's  judgment,  if,  after  being  properly  tamped,  the  track 
should  be  covered  with  pebbles  or  beach  gravel  to  a  depth  of  1  or  2  ins. 
over  the  ties,  and  then  if  the  space  between  the  tracks  and  the  space 
on  each  side  between  the  reservation  and  the  roadway  be  made  nicely 
kept  grass  areas,  even  if  they  should  be  not  more  than  2  ft.  wide,  surely 
the  railroad  company  could  maintain  the  tracks  in  much  better  condi- 
tion, and  their  apjaearance  would  be  better  than  the  present  so-called 
grassed  area  with  its  numerous  bare  spots.  Setting  aside  the  exact 
way  the  tracks  shall  be  built,  the  idea  of  a  reservation  is  in  itself  a 
most  excellent  one,  as  it  affords  an  opportunity  to  run  cars  at  much 
greater  speed  with  far  less  liability  to  accident. 

G.  L.  Wilson,  M.  Am.  Soc.  C.  E.— In  1895  the  City  of  St.  Paul  re-  Mr.  v^ilsou. 
paved  several  streets  upon  which  there  were  street  car  tracks  with 
sheet  asphalt,  the  street  car  company  being  obliged  by  the  common 
council  under  the  terms  of  its  charter  to  lay  the  same  jjavement  on 
the  space  occupied  by  its  tracks.  This  was  done  with  the  ordinary 
track  construction,  the  rails  laid  on  wooden  ties,  to  which  they  were 
spiked,  and,  after  lining  and  surfacing  the  track,  a  6-in.  concrete 
foundation  Avas  put  in  around  and  between  the  ties  and  the  paving 
laid,  leaving  the  track  simply  imbedded  in  the  paving,  but  with  no 
solid   foundation  under  the  ties.     With  the  heavy  electric  cars  now 
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jii-.  Wilson,  operated  it  was  found  that  the  vibration  of  the  track  under  traflSc, 
es})ecially  with  an  asphalt  pavement,  was  sufl&cient  to  destroy  the 
adjacent  surface  rapidly.  In  1896  an  attempt  was  made  by  the  Twin 
City  Rajjid  Transit  Compau3',  which  oj^erates  the  street  railways  in 
both  St.  Paul  and  Minneapolis,  to  put  down  a  permanent  and  solid 
track  and  then  to  have  the  pavement  laid  so  as  to  make  a  solid  con- 
struction, as  nearly  as  might  be.  With  this  object  in  view,  after  investi- 
gating the  methods  in  use  in  Toronto  and  Montreal,  it  was  decided  to 
adopt  an  80-lb.  rail  of  the  section  recommended  by  the  rail  committee 
of  the  American  Society  of  Civil  Engineers,  in  60-ft.  lengths  with  Falk 
cast  joints  and  connected  with  tie-x-ods  J-^  x  2  ins.,  spaced  12  ft.  Under 
each  rail  is  a  beam  of  Portland  cement  concrete  8  x  15  ins.  in  section. 
The  concrete  under  rails  and  paving  is  carried  along  as  nearly  as  prac- 
ticable at  the  same  time  in  order  that  both  pavement  and  track  may 
rest  on  a  solid  floor.  While  this  has  been  used  but  a  short  time  on 
about  6  miles  of  track,  it  has  given  such  satisfaction  that  it  is  believed 
this  method  of  street  railway  construction  is  a  partial  solution  of  the 
problem  of  how  to  build  permanent  track  in  j^aved  streets. 

In  the  writer's  opinion,  two  changes  are  necessary.  The  rail  must 
be  increased  to  a  depth  of  6  ins.  and  a  grooved  head  used.  The  cost 
as  described  above  is  approximately,  per  mile  of  double  track,  accord- 
ing to  figures  furnished  by  the  street  railway  company,  as  follows: 

Cost  of  track  laying $5  200 

Cost  of  joints 1  000 

Cost  of  concrete  beam 5  300 

Cost  of  rails  and  tie- rods 8  500 

Track  alone $20  000 

Asphalt  paving,  strip  18  ft.  wide — $2  53,  10-year  guar- 
anty        26  717 

Track  and  paving   $46  717 


Mr,  Cappelen.  F.  W.  Cappelen,  M.  Am.  Soc.  C.  E. — On  ordinary  railroads  the  en- 
tire lin^  is  practically  constantly  patrolled,  so  that  bed  and  track  can 
be  kept  in  as  good  a  condition  as  the  management  desires.  Low  joints 
are  readily  raised,  bad  ties  easily  exchanged  for  good  ones,  bolts 
tightened,  etc.,  as  every  thing  is  in  plain  view  to  the  men  in  charge. 
The  conditions  are  entirely  different  on  a  street  railway.  After  the 
track  is  down  nothing  is  visible  but  the  top  or  running  surface  of  the 
rail,  and  when  a  joint  sags  it  means  the  ripping  up  of  the  pavement  of 
the  street  at  that  point  to  bring  the  track  to  projier  alignment  and 
grade.  The  same  is  the  case  when  removal  of  ties  or  rails  becomes 
necessary.  In  addition  to  the  cost  of  properly  caring  for  the  track 
itself  comes  the  cost  of  repairing  the  pavement  between  the  tracks,  it 
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being  taken  for  granted  that  the  corporation  owning  the  street  railway  Mr.  Cappeien 
will  at  least  care  and  pay  for  the  pavement  in  the  space  from  the  out- 
side rail  on  a  double-track  road.  The  rej^air  bills  of  a  street  railway 
system  oj^erated  with  horses  Avere  comparatively  small,  although  the 
track  construction  was  generally  poor.  The  cable  roads  made  far 
better  track  construction  an  absolute  necessity,  and  companies  that 
attempted  and  are  attemi3ting  light  and  poor  track  construction  for 
electric  street  railways  have  found  or  will  find  that  the  expense  for 
maintenance  of  track  is  a  big  item. 

The  city  of  Minneapolis  was  one  of  the  first  in  the  United  States  in 
which  the  horse  railway  system  was  changed  into  an  electric  system, 
the  entire  change  of  100  miles  being  made  in  a  year.  The  company 
did  not,  however,  change  track  and  rail  very  much,  but  used  a  great 
amount  of  4-in.  light  rail,  45  and  54  lbs.  per  yard.  The  Johnson 
78-lb.  girder  rail  was  also  used,  and  after  considerable  wrangling,  the 
city  council  permitted  the  company  to  use  the  Shanghai  6-in.  70-lb- 
X-rail  on  some  new  extensions. 

As  most  of  the  streets  were  paved  with  6-in.  cedar  block  on  2-in. 
foundation  plank,  much  trouble  was  experienced  with  the  i^avement 
next  to  the  rails  and  between  them.  The  ties  had  to  be  cut  down  or 
4-in.  blocks  used.  With  the  6-in.  T-rail,  strips  of  wood  were  placed 
along  the  rail  to  form  the  groove  for  the  flanges  of  the  car  wheels  to 
run  in.  The  rails  were  spiked  to  pine  ties  on  2  ft.  centers  and  almost 
anything  used  for  ballast.  In  many  cases  cobble  stones  were  used 
between  rails.  The  city  charter,  however,  provides  that  the  space  be- 
tween rails  must  be  paved  with  the  same  material  as  the  balance  of 
tha  street,  but  the  city  council  would  occasionally  grant  the  company 
the  right  to  do  differently.  After  a  while  asphalt  was  ordered  on  cer- 
tain streets,  and  the  street  railway  company  was  obliged  to  look  at  the 
matter  of  track  construction  in  a  little  different  way;  it  finally  re- 
ceived permission  to  pave  between  rails  and  tracks  with  granite,  and 
the  city  put  granite  toothing  on  the  outside  of  the  rail.  The  6-in.  78- 
lb.  Johnson  girder  rail  was  used,  but  no  particular  care  was  taken  in 
the  ballasting  of  the  tracks,  and  the  result  was,  of  course,  that  it  set- 
tied  and  the  asphalt  broke  away  after  a  short  period. 

This  year  several  princiijal  down-town  streets  were  ordered  paved, 
and  the  writer  was  delighted  to  learn  that  the  street  railway  company 
would  do  everything  in  its  power  to  construct  a  first-class  track  in 
every  respect.  For  all  crossings  and  curve  work,  the  so-called  John- 
son guaranty  work  was  used.  All  switches  and  frogs  have  removable 
Harveyized  steel  pieces,  and  it  is  expected  that  this  work  will  stand  in 
the  worst  places  at  least  nine  years.  The  life  of  the  old  frogs,  etc.,  did 
not  exceed  five  years,  and  they  were  generally  pretty  bad  after  two 
years'  wear.  Ties  were  used  for  this  part  of  the  track;  they  were  set 
in  concrete  and  the  entire  intersection  and  cross-overs  w'ere  paved  with 
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Mr.  Cappelen.  fine-cut  granite  set  in  cement  mortar  with  the  joints  filled  with  cement. 
For  all  straight  track  work,  60-ft.  y-rails  were  used.  The  rail  is  the 
80-lb.  section  recommended  by  a  committee  of  the  Society.  Three 
methods  of  constructing  the  track  were  followed,  each  being  an  im- 
provement upon  the  former,  at  least  according  to  the  ideas  of  the 
writer  and  the  company. 

The  sam3  company  owns  the  street  railway  system  in  Minneaijolis 
and  St.  Paul,  and  the  work  was  commenced  in  St.  Paul  somewhat 
earlier  than  in  Minneapolis.  The  first  plan  adoj^ted  there  was  as  fol- 
lows: 

After  the  sub- foundation  had  been  thoroughly  rammed  or  rolled,  the 
necessary  slight  excavation  was  made  for  a  concrete  beam  to  run  longi- 
tudinally under  the  rail.  This  beam  was  8^  ins.  in  depth,  15  ins. 
wide,  and  constructed  so  that  the  tojj  surface  would  be  at  the  proper 
grade  to  receive  the  base  of  the  rail.  The  beam  was  formed  between 
boards.  The  concrete  used  consisted  of  one  part  Portland  cement,  two 
and  one-half  parts  of  sand,  and  four  and  one-half  parts  of  crushed 
rock.  Upon  the  beams,  after  they  had  set,  the  rails  were  placed  and 
tied  together  every  10  ft.  with  2  x  f-in.  tie-rods  set  on  edge,  as  shown 
in  Fig.  46. 


After  the  rails  were  lined  up,  the  joints  were  welded,  room  being 
left  in  the  concrete  every  60  ft.  for  the  joints.  The  street  railway  com- 
pany experimented  last  winter  with  the  so-called  I'alk  cast-welded 
joints  and  adopted  them  for  all  the  future  work.  The  joint  is  made 
in  the  following  manner: 

The  rails  where  the  joint  is  to  be  made  are  first  thoroughly  cleaned 
with  files  and  emery  paper.  Cast-iron  molds  are  then  placed  around 
the  joint,  and  held  in  place  with  clamp  screws  both  horizontally  and 
vertically.  It  was  found  necessary  to  have  a  heavy  vertical  screw  to 
prevent  the  joint  from  heaving  on  account  of  the  expansion  due  to  the 
heat.  After  the  molds  were  placed,  the  molten  metal  was  poured 
and  the  joints  thus  completed.  After  cooling,  the  molds  were  removed 
and  any  rough  edges  left  trimmed  off.  The  joint  is  made  so  that  a 
flange  way  is  formed  in  the  cast.  The  company  owns  two  of  the  so- 
called  cast-welding  machines.  The  cost  of  each  is  about  $2  500,  and 
its  capacity  8  500  lbs.  per  cast.  The  joint  for  the  80-lb.  rails  requires 
about  138  lbs.  of  metal,  and  the  cost,  per  joint,  is  about  ^2.  This  in- 
cludes the  cost  of  fixing  the  rails  for  the  joint.     A  45-lb.  rail  requires 
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102  ll)s.  for  a  joint,  and  a54-rail  requires  115  lbs.    A  mixture  of  half  pig  Mr.  Cappelen. 
and  half  castings'  scrajj  gives  the  best  results.     The  furnace  is  loaded 
in  layers,  beginning  Avith  wood,  coke  and  pig,  coke,  pig,  etc. 

After  the  joints  were  made,  Milwaukee  cement  concrete,  6  ins.  in 
thickness,  composed  of  one  part  of  cement  to  two  and  one-half  parts 
of  sand,  and  four  and  one-half  to  live  parts  of  rock,  was  j^laced  to 
proper  grade  to  receive  2  J  ins.  of  asphalt  j^avement  across  the  entire 
street  and  between  the  rails  and  tracks,  leaving  enough  space  on  the 
inside  of  the  rails  to  lay  granite  blocks  4^  ins.  deep,  3J  ins.  wide,  and 
9  ins.  long.  These  blocks  were,  however,  set  simultaneously  with  and 
in  the  concrete,  being  separated  from  the  head  of  the  rail  by  l^-in. 
wooden  strip,  so  as  to  form  the  flangeway  for  the  car  wheels.  After  the 
strip  was  removed,  the  lower  2 J  ins.  of  the  space  left  was  filled  with 
cement  grout,  and  the  upper  2^  ins.  to  the  top  of  the  rail  was  filled 
with  asphaltic  cement  consisting  of  about  'S0%  asphalt  and  the  balance 
limestone  dust.  This  mixture  remains  soft  enough  to  form  the  proper 
groove  when  the  first  car  is  run  over  the  track.  The  joints  between 
the  granite  blocks  were  filled  with  asphaltic  cement.  After  the  track 
work  Avas  completed,  as  described,  the  asphalt  pavement  proper  was 
put  down. 

Considerable  trouble  was  experienced  in  St.  Paul  with  the  rails  after 
the  joints  had  been  cast.  In  a  little  while  about  1  500  ft.  of  track  looked 
like  a  snake,  and  it  was  very  difficult  to  get  it  back  in  line;  in  fact  the 
superintendent  of  the  street  railway  company  thought  he  would  be  ob- 
liged to  cut  the  rails,  which,  however,  did  not  j^rove  necessary. 

When  the  work  came  up  in  Minneapolis,  this  matter  was  discussed, 
and  it  was  thought  advisable  to  proceed  in  a  dilfereut  way.  Ties  were 
placed  6  to  8  ft.  apart,  and  the  rails  were  lined  up  and  temporarily 
fastened  to  the  ties;  then  the  cast-iron  joints  were  made,  and  the  con- 
crete beam  put  in  between  ties  in  the  same  manner  as  in  the  first 
case.  The  ties  were  then  pulled  out,  the  space  filled,  and  the  balance 
of  the  street  concreted  and  completed  as  before.  The  rails  were  also 
spiked  to  the  concrete  beam  as  soon  as  it  was  in  place.  The  track  was 
kept  in  perfect  alignment  in  this  way.  After  discussing  the  work  as  it 
progressed,  a  further  modification  in  constructing  the  beam  was 
adopted.  As  it  was  not  always  jjossible  to  follow  with  the  concrete 
Avork  of  the  street  i^roper  as  fast  as  the  beam  was  built,  a  good  bond 
was  not  obtained  between  the  beam  and  the  other  concrete,  so  the 
method  was  changed.  The  ordinary  concrete  was  put  down  outside 
and  inside  the  rails,  forming  a  rough  groove  about  8  ins.  deep,  15  ins. 
wide  at  the  bottom  and  18  to  20  ins.  at  the  top.  In  this  groove,  as 
soon  as  it  was  built,  the  beam  concrete  was  jjlaced,  otherwise  the  con- 
struction was  as  in  the  second  case. 

The  cost  per  foot  of  rail  for  the  beam  construction  only,  including 
grading,  was  26  cents  in  the  first  and  second  cases,  and  27  cents  in  the 
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Mr.  Cappelen.  tliird.  The  filler  cost  about  5  cents  jjer  foot.  The  cost  of  putting 
down  temi^orary  ties  and  laying,  lining  and  s^^l•facing  1  mile  of  single 
track  i^reijaratory  to  putting  in  the  concrete  beam,  including  labor  and 
material  used  in  welding  the  joints,  was  approximately  .^850. 

In  connection  with  this  change  of  track  construction,  the  writer 
changed  the  cross-sections  of  the  streets  as  well  as  the  intersections 
where  repaying  was  done.  All  the  old  streets  have  very  deep  gutters, 
from  12  to  15  ins. ,  and  even  more.  This  made  it  necessary  at  intersec- 
tions to  use  aprons  over  the  glitters  at  the  corners,  making  them  un- 
sightly. The  gutters  were  easily  filled  under  the  aprons,  and  too  much 
space  in  the  street  was  lost.  Wherever  repaving  has  been  done,  this 
was  changed,  so  that  now  the  gutters  are  only  6  to  8  ins.  in  depth,  with 
the  corners  of  the  streets  rounded  oflf  to  a  12-ft.  radius  and  the  street 
raised  at  the  corner,  so  that  a  step  to  the  pavement  of  from  4  to  5  ins. 
only  is  needed. 

Drainage  is  taken  care  of  by  putting  in  double  catch  basins.  This 
makes  beautiful  intersections  and  pleases  everybody.  On  a  50-ft.  road- 
way paved  with  asphalt  and  without  tracks,  8-in.  gutters  and  10-in. 
crowns  are  used;  with  tracks,  8-in.  gutters  and  7-in.  crowns  from  the 
rail. 

The  cost  per  mile  of  double  track  constructed  as  related  would  be 
about  as  follows : 

Cost  of  putting  down  temporary  ties  and  laying,  lining, 

surfacing,  joints,  etc.,  of  a  double  track $1  700 

Beam  work,  etc 6  968 

Rails  and  tie-bars  * 9  400 

Asphalt    paving    at    .f2  43   jaer    sqiiare    yard,    ten-year 

guaranty 15  840 

Total,  per  mile $33  908 

This  is  a  very  heavy  expense,  and  it  is  sincerely  hoped  that  the 
construction  will  prove  satisfactory.  About  24  miles  have  been  com- 
pleted this  season  in  Minneapolis.  Brick  was  used  on  one  street  with 
the  same  track  construction.  In  place  of  the  granite  blocks  a  special 
grooved  brick  fitting  under  the  head  of  the  rail  was  used. 

So  far  as  the  writer  knows,  this  construction  has  only  been  employed 
elsewhere  in  Montreal  and  Toronto,  but  without  the  cast-welded  joint. 
The  writer  suggested  to  the  comjoany  that  a  different  rail  be  used,  but 
as  the  season  was  too  far  advanced  when  the  streets  were  finally 
ordered  repaved,  the  company  claimed  that  a  different  rail  could  not 
be  obtained.  The  writer  would  suggest  that  the  rail  shown  in  Fig.  3 
be  used,  but  with  a  6-in.  base  instead  of  one  of  5  ins.  This  would  give 
a  better  bearing  on  the  concrete  beam,  and  permit  the  use  of  deeper 
granite  blocks,  which,  also,  would  be  placed  in  staggered  position. 

*  60-ft.  rails  cost  $2  a  ton  more  than  30-ft.  rails. 
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There  hardly  seems  to  be  any  necessity  for  a  9-in.  rail,  particularly  Mr.  Cappelen, 
if  a  track  construction  like  that  just  described  is  used.  Some  trouble 
is  anticipated  with  the  flange  groove  as  built  in  Minneapolis,  but  as 
several  main  streets  with  an  electric  railway  have  a  width  of  64  ft. 
between  curb  lines,  a  very  small  percentage  of  the  travel  utilizes  the 
car  tracks,  and  in  no  case  is  the  roadway  less  than  50  ft.,  which  leaves 
a  double-team  ti-ack  on  each  side  of  the  car  tracks. 

Mr.  Owen  mentions  as  an  ideal  road  with  trolley  tracks,  Beacon 
Street,  Brookline,  Mass.  Minneapolis  boasts  of  a  road  where  the 
arrangement  is  different,  and  certainly  the  whole  makes  a  beautiful 
appearance.  This  road  is  Hennepin  Avenue  Boulevard,  with  a  66-ft. 
roadway  between  curb  lines.  The  trolley  tracks  are  in  the  center 
occupying  18.5  ft.,  separated  from  the  rest  of  the  street  by  curbs  6  ins. 
highi  At  street  intersections  the  curbing  disappears.  The  space 
between  center  curbs  is  sodded.     The  cross-section  is  shown  in  Fig.  47. 

This  road  is  not  a  business  street,  but  one  of  the  parkways  used 
largely  by  pleasure  carriages  and  bicycles.  The  trolley  cars  run  very 
fast  and  at  short  intervals  during  the  summer  months. 


Fig.  47. 

The  city  council  of  Minneapolis,  according  to  ordinance,  can 
demand  that  the  street  railway  company  clean  the  space  of  the  street 
occupied  by  the  tracks,  practically  15  ft.  The  council  also  has  the 
right  to  designate  the  style  of  rail  to  be  used.  These  two  laws  are 
practically  dead  letters.  The  company  has,  however,  in  connection 
with  repaving,  been  obliged  to  pave  between  the  rails  and  tracks  as 
the  rest  of  the  street  is  paved.  The  law  should  be  changed  so  as  to 
include  a  space  2  ft.  outside  of  each  outside  rail.  There  are  no  Y>en- 
alty  clauses  in  the  ordinances,  so  the  only  way  to  enforce  the  latter,  if 
it  came  to  a  fight,  would  be  to  declare  the  company's  franchise  for- 
feited, which  can  be  done  legally.  The  writer  also  thinks  that  the 
entire  track  construction  should  be  according  to  standard  to  be  ap- 
proved by  the  proper  municipal  authority. 

Walter  Katt^,  M.  Am.  Soc.  C.  E. — The  writer  does  not  care  to  Mr  Katte, 
offer  any  opinion  with  regard  to  the  various  types  of  rails  for  ordinary 
street  railroads  further  than  to  remark  that  he  certainly  thinks  the 
section  shown  in  Fig.  3  decidedly  the  best  of  all  those  shown  and 
eminently  suited  for  use  for  standard  steam  roads.  Fig.  48  shows  a 
preliminary  sketch  of  the  general  features  of  an  adaptation  of  this  sec- 
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Mr.  Katte.  tion  of  rail  to  such  purposes  as  would  be  required  on  standard  gaiige 
steam  railroads  for  tlie  heaviest  class  of  locomotive  traction.  The 
broken  lines  give  the  outline  of  the  Crimmins  rail. 

There  are  two  points  which  Mr.  North  has  overlooked  in  his  dis- 
cussion of  the  subject.  The  two  greatest  difficulties  encountered  in 
devising  details  of  track  for  this  purpose  are  : 

First. — The  ever-prevalent  liability  of  worn  flanges  on  locomotive 
driving  wheels,  technically  known  as  hollow  tire  or  false  flange. 

Second. — The  minimum  of  gauge  established  by  the  Master  Car 
Builders'  Association  between  the  inside  of  wheel  flanges,  which  has 
been  flxed  at  4  ft.  5  ins. 

The  first  of  these  causes,  that  is,  hollow  tire,  is  the  reason  of  the 
ISi  in.  depth  of  flange  groove  referred  to  as  being  "unnecessarily 
great,"  in  which  the  author  is  in  error,  for  with  hollow  tire,  it  is  not 
unnecessarily  great,  in  fact,  it  is  hardly  deep  enough.     The  answer  to 
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Fig.  48.  Fig.  49. 

this  will  be,  that  hollow  tire  wheels  ought  not  to  be  run  at  all,  which, 
of  course,  in  the  abstract  is  quite  true,  but  in  reality  they  always  are, 
and  always  will  be  run  to  a  certain  extent,  and,  knowing  that  to  be  the 
case,  the  writer  has  concluded  to  regard  it  as  an  established  difficulty 
which  must  be  met. 

The  soundness  of  the  remark  in  regard  to  the  objections  to  clip- 
ping off  a  corner  of  the  paving  blocks  is  recognized.  In  making  a 
design,  therefore,  for  a  rail  to  meet  these  difficulties,  the  writer  threw 
out  a  lip  on  one  side  far  enough  to  carry  false  flanges,  and  on  the 
other  side  has  made  the  groove  just  wide  enough  to  take  in  the  mini- 
mum, back  to  back,  wheel  gauge,  and  with  an  extreme  width  to  admit 
of  easy  jjlacing  of  paving  blocks  without  the  chipping  objected  to. 
The  girder  rail  shown  in  Fig.  48  figures  up  about  160  lbs.  to  the  yard, 
biit  with  some  refinement  in  its  lines  it  can  be  brought  down  to  150 
lbs.  without  in  any  way  compromising  necessary  strength. 
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The  writer  can  hardly  endorse  Mr.  North's  opinion  concerning  the  Mr.  Katto. 
crossing  made  by  the  New  Jersey  Central  Comiiany.  He  does  not  regard 
it  as  very  good  for  three  reasons  ;  first,  it  is  clumsy  looking  and  diffi- 
cult to  make;  second,  it  is  very  uneconomical  in  its  lase  of  material, 
and  hence,  very  expensive  ;  and  third,  it  takes  no  account  of  hollow- 
tires. 

It  has  been  roughly  estimated  that  the  probable  cost  of  such  a 
track  as  is  shown  in  Fig.  4S  will  be  about  ^2  per  lineal  foot  of  single 
track,  probably  a  little  less.  This,  of  coux'se,  does  not  include  the 
concrete  sub-foundation.  The  system  shown  in  Fig.  49,  of  which  the 
writer  laid  about  2  miles  of  double  track  through  Washington  Street, 
in  the  city  of  Syracuse,  with  the  New  York  Central  standard  80-lb. 
rail,  cost  about  ^2  55  per  lineal  foot.  He  is  therefore  now  quite  satis- 
fied that  the  9-in.  girder  rail  can  be  devised  and  laid  at  less  cost  and 
make  an  infinitely  more  perfect  track. 

A.  A.  ScHENCK,  M.  Am.  Soc.  C.  E. — Mr.  Katte  has  given  a  general  Mr.  Schenck 
statement  of  his  views  as  regards  steam  railways  in  cities  and  rail  sec- 
tions for  them.  The  compound  rail  of  the  New  York  Central  and 
Hudson  River  Kailroad,  to  which  Mr.  North  has  alluded,  was  designed 
for  and  put  in  use  on  Washington  Street,  Syracuse,  in  1893.  On  this 
street  the  railroad  company  expended  $160  000  along  an  extent  of  about 
7  000  ft.  of  the  street.  The  rail  iised  is  shown  in  Fig.  49.  Objections 
as  to  depth  and  width  of  flangeway  in  this  design  are  raised  by  Mr. 
North.  As  regards  width  of  flangeway,  this  was  made  practically  of 
indefinite  width,  by  keei^ing  the  paving  block  on  the  inside  of  the  rail 
down  to  the  level  of  the  tram  rail.  There  was  no  slot  or  flangeway. 
This,  of  course,  gives  a  wagon  crossing  the  track  much  more  of  a  jolt 
than  if  the  block  be  kejst  up  to  level  of  toj)  of  rail,  but  for  a  wagon 
traveling  on  the  track  and  attemjiting  to  leave  it,  there  is  room  for  the 
wheel  to  turn.  It  has  not  the  objectionable  features  of  the  high  block, 
which  in  connection  with  the  rail  head  forms  a  deep,  square  groove, 
very  difficult  for  the  wheel  to  leave.  Probably  Mr.  North  had  this 
high  position  of  block  in  view  when  he  referred  to  a  clearance  width 
for  the  flange.  The  low  position  of  the  block,  although  it  causes  a 
jolt  in  a  wagon  crossing  at  right  angles,  is  the  same  as  is  used  in  as- 
phalt work,  where  it  is  not  readily  practicable  to  keep  the  asphalt 
above  the  rail.  The  low  block  is  also  undoubtedly  undesirable  in 
some  respects,  not  only  because  of  the  jolt  to  the  wagon  crossing  at 
right  angles,  but  because  it  leaves  at  a  low  level  the  wagon  wheel  seek- 
ing to  turn  out,  giving  it  a  difficult  climb  over  the  rail  while  in  a  dis- 
advantageous position  for  doing  so.  The  Crimmins  rail.  Fig.  3, 
introduces  the  feature  apparently  best  adapted  to  relieve  this  trouble, 
as  stated,  by  the  reaction  against  the  rail  head,  combined  with  the 
smooth  surface  of  the  metal  of  the  curved  flange.  Such  a  smooth 
sliding  surface  is  imjiracticable  iu   stone,  and  it  would  seem  desirable 
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Mr.  Schenck.  always   to  have  siicli   a   curved   surface  or  flange  in   any  street   rail 
section. 

In  the  Syracuse  rail,  the  width  of  tram  rail  is  only  what  the  old 
Master  Car  Builders'  minimum  of  1886,  back  to  back  of  wheels,  of  4  ft. 
5  ins.,  calls  for,  keeping  the  tram  rail  out  to  the  back  of  wheel  (see 
Fig.  49).  Most  of  the  car  wheels  of  the  country  were  placed  when  this 
minimum  was  in  force.  The  depth  of  flangeway  was  put  at  1-,%  ins. ; 
the  standard  wheel  flange  is  l^^j  ins.  It  will,  therefore,  be  noticed 
that  only  a\-  in.  was  allowed  for  wear  of  rail  and  tire.  In  practice 
this  depth  has  been  found  not  quite  enough  to  prevent  the  rolling 
stock  from  bearing  on  the  tram  rail.  The  trouble  so  far  has  been  due 
to  hollow  tires  only,  the  rail  not  having  worn  apj^reciably  since  it  was 
laid.  It  is  sometimes  supposed  that  no  hollow  tire  whatever  is  allow- 
able. The  Master  Car  Builders'  reports  and  code  of  I'ules  for  repairs 
to  interchange  cars  call  for  replacing  of  wheels  only  when  the  tread  is 
worn  so  hollow  as  to  render  breakage  probable.  On  leading  railways 
the  practice  is  to  send  passenger  engines  to  the  shops  when  treads  are 
hollow  from  -re  to  i  in.,  and  yard  engines  when  treads  are  hollow 
from  T  to  f  in.  The  writer  has  measured  or  taken  plaster  casts  of 
several  treads  that  were  hollow  f  in.,  and  in  one  case  ^  in.  was  found. 
While  such  extreme  cases  may  be  against  all  rule,  yet  one  such  engine 
in  a  dozen  years  going  over  a  track,  with  or  against  rules,  will  be  suf- 
ficient to  injure  miles  of  tramway  of  improper  section  and  flangeway. 
The  false  flange  of  the  hollow  tread  is  found  also  to  injure  the  paving 
on  the  outside  of  rail,  either  by  crushing  the  blocks  or  crowding 
them  out  of  position.  Such  crowding  is  not  merely  by  depressing 
them  vertically.  The  pressure  coming  on  one  edge  of  the  block,  the 
tilting  action  is  sometimes  demoralizing  in  many  Avays.  Although  the 
outside  blocks  might  be  kept  low  by  the  amount  of  false  flange,  yet  in 
practice,  either  in  the  paving  process  or  from  the  eft'ects  of  weather, 
the  blocks  will  be  found  high,  especially  if  the  track  settles  at  all. 
The  method  of  carrying  the  false  flange  on  the  rail  head  by  widening 
the  head,  relieves  this  trouble  and  also  allows  the  flangeway  to  be  made 
more  shallow,  as  the  flange  does  not  settle  down  in  it  because  of  a 
hollow  tire. 

The  combination  of  a  rail  head  widened  on  the  outside,  with  the 
Orimmins  curved  flange,  and  with  a  web  deep  enough  to  avoid  chij)- 
ping  the  paving  blocks,  is  shown  in  the  new  design  now  being 
considered  by  the  New  York  Central  and  Hudson  River  Railroad  Com- 
pany. Fig.  48  shows  a  section  of  such  a  combination.  The  estimated 
first  cost  is  about  20%  less  than  in  the  Syracuse  plan,  and  the  main- 
tenance cost  should  be  very  much  less,  on  account  of  the  reduced 
number  of  jjieces.  The  Crimmins  rail,  apart  from  the  question  of  bear- 
ing for  false  flange,  is  not  well  adapted  for  heavy  I'ailway  rolling  stock , 
the  head  not  being  over  the  web,  and  it  was  not  designed  for  such  use. 
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Some  of  the  points  of  enquiry  that  may  be  raised  in  connection  with  Mr.  sciienck. 
this  rail  are  the  strength  of  the  widened  head  under  the  false  flange; 
the  tendency  to  tilt,  the  false  flange  not  being  over  the  web;  and  the 
tendency  of  the  curved  flange  to  bend  under  pressure  from  the  Avheel 
flange.  The  strengthening  of  the  Avidened  head  under  the  false  flange 
is  very  cheaply  done  for  any  required  weight,  involving  thickening 
only  2  ins.  of  the  outline. 

The  tilting  tendency  is  counteracted  by  the  roadway  material  on 
each  side  of  the  rail,  leaving  much  less  duty  for  the  fastenings  at  the 
base  than  with  an  ordinary  6-in.  100-lb.  rail  unsupported  on  either 
side. 

The  pressure  on  the  curved  flange  is  measured  not  by  the  weight  on 
the  wheel,  but  by  the  lateral  sliding  resistance  of  the  opposite  wheel. 
There  will  rarely  be  much  pressure  on  the  curved  flange.  With  wheels 
set  on  the  minimum  4  ft.  5  ins. ,  and  a  worn  flange  on  one  wheel,  the 
opposite  wheel  can  get  well  out  on  the  curved  flange,  but  in  this  case 
the  curved  flange  would  simply  have  to  act  as  a  guard  rail  rather  than 
a  bearing  rail.  The  low  rates  of  speed  in  city  traffic  will  greatly  lessen 
the  duty  of  this  flange  as  a  guard  rail.  It  can  be  readily  and  cheaply 
increased  in  section  if  experience  so  dictates. 

J.  M.  Evans,  Jun.  Am.  Soc.  C.  E. — The  Department  of  Public  Mr.  Evans. 
Works  in  the  city  of  New  York  during  the  summer  of  1896  adopted 
and  used  the  following  construction  for  the  rejjaving  of  First  Avenue. 
The  street  contains  two  railroad  tracks  covering  a  space  of  about  16  ft. 
in  the  center  of  the  street.  On  the  outside  of  each  outer  rail  8  ft.  of 
granite  was  laid  on  a  2-in.  sand  cushion  resting  on  6  ins.  of  concrete, 
when  the  longitudinal  grade  of  the  street  was  2^%  or  more.  Between 
the  granite  strip  and  the  curb  14  ft.  of  asphalt  was  laid  on  the  old 
stone  paving  blocks,  which  were  in  all  cases  repaved,  for  a  found- 
ation. It  is  the  custom  of  the  Department  to  set  8-in.  and  12-in. 
toothing  stones  alternately  along  each  rail.  These  toothing  stones 
are  set  directly  on  concrete  mortar  and  rammed  to  the  level  of  the  tread 
of  the  rail  before  the  concrete  sets,  then  the  joints  are  filled  with  tar 
and  gravel.  The  tar  and  gravel  joint,  however,  does  not  extend  en- 
tirely around  the  outer  ends  of  the  stone,  these  ends  being  banked  with 
moist  earth  to  prevent  the  tar  from  running  out.  This  construction 
was  followed  in  laying  the  granite  next  the  track,  but  it  was  im- 
possible to  follow  it  at  the  outer  edge  of  the  granite  strip,  as  the  tooth- 
ing stones  at  this  point  were  laid  upon  the  customary  2-in.  sand 
cushion.  The  traffic  over  these  stones  necessary  for  construction 
caused  them  to  settle  or  tip  down  on  the  sand  foundation,  thus  leaving 
a  depression  at  the  joint  of  the  asphalt  and  granite.  The  toothing 
stones  at  this  joint  were  poured  with  tar,  the  same  as  the  stones  next 
the  rail,  that  is,  about  half  of  the  stone  received  the  tar  and  gravel 
joint,  the  other  half  being  left  open  to  receive  the  asphalt.     To  pre- 
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Mr.  Evans,  vent  the  settling  of  the  toothing  on  the  latter  part  of  the  work,  the 
speaker  caused  the  foundation  pavement  for  the  asphalt  to  be  first 
rammed,  thus  bringing  it  to  a  bearing  against  the  toothing,  then 
rammed  the  toothing  into  it,  and  finally  made  a  tar  and  gravel  joint 
aroiand  the  entire  stone.  This  securely  bound  the  toothing  to  the 
foundation  of  the  asphalt.  The  result  of  this  method  of  setting  the 
stones  gave  entire  satisfaction  and  even  surpassed  his  expectations. 
He  has  several  times  seen  a  9-ton  roller  run  over  the  stones  thus  set 
before  the  asj^halt  was  laid,  Avithout  depressing  them  siifficiently  to 
break  the  bond  between  them  and  the  next  course. 

Mr.  North.  Edwaed  P.  NoKTH,  M.  Am.  Soc.  C.  E. — An  apology  is  due  for  the 
careless  description  of  the  steel  plate  laid  on  Chambers  Street.  The 
edge  nearest  the  rail  was  laid  substantially  flush  with  the  toothing 
stones,  which  are  there  laid  against  the  stringers,  supporting  a  center- 
bearing  rail.  The  surface  of  the  outer  edge  was  dejjressed  about  J  in. 
below  the  surface  of  the  asphalt.  The  holes  mentioned  were  made  by 
a  punch  which  left  jirojections  on  each  side  of  the  jilate.  These  pro- 
jections took  the  wear  of  the  wheels  next  to  the  toothing,  but  retained 
the  asphalt  between  them.  At  the  outer  edge  of  the  plate  they  were 
covered.  A  more  careful  description  of  the  piece  of  plate  would  prob- 
ably have  saved  some  I'easoning  about  its  probable  inadequacy  to  pre- 
vent the  formation  of  any  rut. 

Mr.  Pratt  seems  to  have  adopted  an  exceptional  case  for  his  stand- 
ard section,  showing  the  pavement  on  First  Avenue.  The  intention 
was  to  have  the  granite  blocks  laid  just  flush  and  in  the  same  plane 
with  the  tread  of  the  rails,  and  this  has  been  generally  accomplished. 
Fig.  20  is  unfortunate,  as  many  readers  who  are  hurried  for  time  pay 
more  attention  to  cuts  than  to  the  text.  This  figure  is  also  misleading, 
as  no  asjihalt  has  been  laid  either  between  the  rails  or  between  the 
tracks.  That  ai'ea  was  paved  by  and  at  the  cost  of  the  Metropolitan 
Street  Railway  Comisany,  and  the  pavement  laid  by  them  illustrates 
tlie  statement  of  Mr.  liewis  :  "  The  railways  will  do  no  more  than  they 
are  required,  and  nothing  if  they  can  avoid  it." 

Mr.  Waring's  statement,  which  is  probably  founded  on  a  careful 
comparison  of  the  cost  of  areas  swept,  shows  that  on  sweeping  alone 
there  would  be  a  yearly  saving  of  i$500  000  if  the  streets  on  which  the 
grades  did  not  forbid  were  paved  with  asphalt.  This  sum,  at  an  inter- 
est rate  of  S^%,  represents  a  capital  of  over  $14  000  000,  a  sum  more 
than  sufficient  to  j)ut  asphalt  on  all  the  streets  of  Manhattan  Island 
where  the  grade  would  not  be  too  steep. 

As  it  has  been  said  that  the  statement  :  "  The  laws  of  the  State  of 
New  York  make  it  obligatory  on  all  surface  roads  to  pave  and  keep  in 
repair  the  space  between  the  rails  and  tracks  and  2  ft.  outside  of  the 
same,"  is  plainly  erroneous  ;  that  part  of  Section  98  referred  to,  which 
deals  with  repaving  streets,  is  quoted,  namely  : 
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Chapter    565,  Section  98,  Laws  1890,  as  Amended  by  Chapter  676,  Mr.  North. 

Laws  1892. 

''  Repair  of  Streets  ;  Rate  of  Speed ;  Removal  of  Ice  and  Snow. — Every 
street  railroad  corporation,  so  long  as  it  shall  continiie  to  use  any  of 
its  tracks  in  any  street,  avenue  or  piiblic  i^lace  in  any  city  or  village, 
shall  have  and  keep  in  permanent  repair  that  portion  of  such  street, 
avenue  or  jDublic  place,  between  its  tracks,  the  rails  of  its  tracks,  and 
two  feet  in  width  outside  of  its  tracks,  under  the  supervision  of  the 
projjer  local  authorities,  and  whenever  required  by  them  to  do  so,  and 
in  such  manner  as  they  may  prescribe.  In  case  of  the  neglect  of  any 
corporation  to  make  pavements  or  repairs  after  the  expiration  of  thirty 
days'  notice  to  do  so,  the  local  authorities  may  make  the  same  at  the 
expense  of  such  corijoration. "     *     *     * 

This  quotation,  it  is  thought,  will  render  unnecessary  any  future 
reference  to  the  laws  of  the  State  of  New  York  as  understood  by  the 
surface  railway  companies  in  the  city  of  New  York. 

The  advantages  of  the  Stanley  rail  (Fig.  28),  which  is  substantially 
of  the  same  section  as  that  used  in  the  District  of  Columbia,  as  "the 
best  section  of  simple  girder  rail,  from  the  pavement  standpoint,  yet 
adopted  for  streets,"  are  fully  recognized  ;  the  flange  or  tram  of  the 
rail  being  of  the  same  height  as  the  tread,  and  probably  presenting 
mass  enough  to  resist  wear  about  equally  with  the  tread.  The  vertical 
sides  also  are  very  desirable,  but  a  surface  railway  company  undoubt- 
edly has  some  rights.  Among  these  is  a  flange  rail  that  does  not  entail 
too  much  expense  from  dirt  in  the  slot,  nor  unnecessarily  bind  the 
flanges  of  the  wheel.  In  other  words,  the  rail  shown  in  Fig.  3  is  en- 
dorsed as  not  being  onerous  to  railway  companies  and  at  the  same  time 
preserving  the  rights  of  the  public  in  the  highways  its  money  has  pro- 
vided. The  sharp  edge  in  Fig.  3  is  not,  in  practice,  as  objectionable, 
from  the  pavement  standpoint,  as  it  appears  in  theory,  as  the  hard 
terra-cotta  fillers  used  by  Mr.  W.  Boardman  Reed,  the  engineer  of  the 
Metropolitan  Street  Railway  Company  of  New  York  City,  give  a  very 
solid  bearing  for  pavement  of  any  kind,  and  the  combination  seems  to 
the  author  much  better  to  pave  against  than  the  simple  Stanley  sec- 
tion, though  possibly  not  better  than  that  section  combined  with  Mr. 
Reed's  tiller  blocks. 

Mr.  Victor  Angerer  apparently  contends  that  there  is  advantage  in 
keeping  the  wagon  traffic  of  a  city  or  town  on  the  tracks  of  surface  rail- 
ways. Such  a  concentration  of  traffic,  however,  must  retard  the  speed 
of  cars  and  bring  an  expensive  wear  on  the  rails,  while  broad-gauge 
wagons  develop  unsightly,  and,  in  time,  costly,  grooves  in  the  pavement. 
The  interest  of  the  capital  invested  in  surface  railways  seems  to  lie  in 
having  the  pavement  alongside  their  tracks  so  hard  and  even  that  trac- 
tion will  not  be  lessened  on  their  tracks,  and,  at  the  same  time,  the 
rails  should  present  the  least  possible  side  friction  to  the  wheels  of 
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Mr.  North,  wagons  that  are  on  them.  The  provisions  for  leaving  streets  dirty 
seem  more  inimical  to  the  interests  of  cities  and  towns  than  the  pro- 
posed concentration  of  traflSe  on  the  rails. 

The  section  of  rail  proposed  by  Mr.  Katte  for  freight  and  passenger 
roads  Avill  interest  and  please  both  the  engineers  having  charge  of 
paved  streets  and  those  connected  with  railroads,  as  its  general  adop- 
tion will  remove  the  weighty  objection  to  the  extension  of  freight  tracks 
in  urban  localities  devoted  to  such  trades  and  commerce  as  require  the 
transportation  of  heavy  merchandise. 
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WITH  DISCUSSION. 


It  is  not  the  intention  of  the  author  in  this  paper  to  treat  exhaust- 
ively of  the  question  of  the  substitution  of  electricity  for  steam  in  the 
handling  of  heavy  suburban  traffic,  but  rather  to  give  a  concise  state- 
ment of  the  history  and  results  of  certain  investigations  made  by  him, 
to  the  end  that  the  Transactions  of  the  American  Society  of  Civil  Engi- 
neers may  contain  a  record  of  the  progress  which  has  been  made  in 
the  use  of  electric  motors  for  transportation  purposes,  and  to  lay  the 
foundation  for  future  papers  on  this  subject.  The  author  does  not 
pretend  to  any  expert  electrical  knowledge,  and  requests  an  open  criti- 
cism of  any  remarks  made  herein  by  experts  in  this  branch  of  engi- 
neering. 

In  December,  1891,  the  author  was  called  upon  by  the  management 
of  the  Illinois   Central  Railroad  to  examine  into  and  report  upon  the 
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practicability  of  transporting  large  numbers  of  passengers  between 
Van  Buren  Street,  in  the  city  of  Cliicago,  and  the  grounds  of  the 
World's  Cohimbian  Exposition.  As  it  would  not  be  economical  to 
establish  a  special  service  for  the  short  exposition  period  which  could 
not  be  utilized  thereafter,  the  question  of  substitiiting  electricity  for 
steam  as  a  motive  power  to  handle  the  regular  suburban  business  of 
the  Illinois  Central  Railroad  was  a  necessary  sequel  to  the  original 
proposition.  An  examination  Avas  made  of  the  principal  electric  street 
lines  in  various  cities  of  the  United  States.  At  that  date  none  of  the 
railroad  lines  that  were  originally  steam  roads  had  adopted  electricity 
as  a  substitute  for  steam.  So  far  the  application  of  electricity  for 
transportation  purposes  in  the  United  States  had  mainly  been  confined 
to  its  substitution  for  horse-power  on  street  railway  lines  and  in  the 
establishment  of  new  lines  of  this  character,  in  which  the  units  of 
transportation  were  necessarily  small  and  were  moved  at  frequent  in- 
tervals through  short  distances.  The  problem  naturally  divided  itself 
into  three  divisions : 

First.  Practicability.  —  [a)  As  to  the  possibility  of  carrying  10  000, 
20  000  or  30  000  passengers  i^er  hour  between  the  World's  Fair  site  and 
Van  Buren  Street,  in  Chicago,  by  electricity,  {b)  The  practicability, 
after  the  close  of  the  World's  Fair  in  1893,  of  satisfactorily  handling 
the  suburban  business  of  the  Illinois  Central  Railroad  by  electric 
power. 

Second.  Economy. — [a)  The  cost  of  handling  the  World's  Fair  busi- 
ness between  the  Lake  Front  Park  and  the  site  of  the  Exposition  by 
electricity,  as  compared  with  steam,  {b)  The  cost  of  operating  the 
suburban  traffic  of  the  Illinois  Central  Railroad  by  electricity  instead 
of  steam  after  1893. 

Third.  Appliances. — («)  Line  construction,  {b)  Power  plant,  (c) 
Motors  and  cars. 

Granting  that  the  application  was  practicable,  the  next  question  to 
be  considered  was  economy.  Should  it  be  shown  that  it  would  be 
economical,  the  third  question  to  be  considered  was  the  nature  of  the 
appliances  to  be  used. 

In  order  to  secure  the  necessary  data  for  an  intelligent  considera- 
tion of  these  problems,  the  prominent  electric  manufacturing  com- 
panies in  the  country  were  asked  to  submit  in  writing  their  answers  to 
a  list  of  questions.     As  it  is,  of  course,  not  advisable  to  disclose  the 
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names  of  the  companies  giving  tlie  information  contained  lierein,  they 
will  be  designated  as  (a),  {h),  (c),  {d}  and  (e).  Following  is  a  statement 
of  the  requirements  and  the  questions  submitted  to  each  company,  with 
their  answers  in  regular  rotation: 

"  In  considering  the  question  of  passenger  transportation  facilities 
between  the  Lake  Front  Park,  in  the  city  of  Chicago,  and  the  Colum- 
bian Exposition  in  Jackson  Park,  it  is  desirable  to  know  whether 
electric  jjower  can  be  applied  for  passenger  seryice  with  economy. 
The  following  are  the  physical  conditions: 

"  The  track  will  be  first-class  standard  gauge  railroad  track,  and 
the  maximum  grade  will  not  exceed  one-half  of  1  per  cent.  The 
distance  between  the  terminal  stations  will  be  7^  miles.  Between 
these  stations  there  will  be  practically  no  curvature.  If  possible, 
loops  will  be  constructed  at  each  end  of  the  line,  with  a  radius  of  about 
300  ft.  As  a  basis  for  the  consideration  of  the  question,  it  is  esti- 
mated that  trains  should  consist  of  one  motor  car  and  two  trailers, 
with  provisions  for  carrying  336  passengers.  The  dimensions  of  the 
motors  and  trailers  would  be  from  36  to  40  ft.  in  length,  with  cross- 
seats,  and  the  cars  should  be  about  8  ft.  wide  in  the  clear  on  the  in- 
side. It  has  been  estimated  that  these  cars  will  weigh  about  20  tons, 
loaded.  It  is  desired  that  the  speed  should  be  about  20  miles  per  hour. 
It  is  estimated  that  the  equipment  required  will  be  from  00  to  70  motors 
and  from  120  to  140  trailers.  Estimating  that  112  passengers  can  be 
carried  in  each  one  of  the  cars,  including  the  motor,  each  train  would 
carry,  as  stated  above,  336  passengers.  Assuming  that  one  train  can 
be  loaded  and  despatched  from  the  terminal  station  each  minute,  the 
capacity  per  hour  will  be  20  160  passengers. 

"  Considering  the  above  conditions  and  assumptions,  in  order  to 
determine  the  advisability  of  adopting  electric  jjower,  answers  to  the 
following  qiiestions  are  desired:" 

Questicm  1. — What  caj^acity  should  motors  have  in  horse-power? 

Answers. — {a)  Capacity  of  motors,  75  H.-P.  each,  two  on  each  axle. 

[b)  A  20-ft.  motor  car  and  two  40-ft.  trail  cars,  as  specified,  could 
be  ojjerated  at  less  than  75  H.-P.  on  an  average,  but  the  maximum  re- 
quired at  starting,  on  grade  and  curve  work,  and  Avith  specially  heavy 
loads,  might  raise  these  figures  50  to  75  per  cent.  It  is,  therefore,  de- 
sirable to  have,  at  least,  two  75-H.-P.  motors,  one  on  each  axle  of  the 
motor  truck,  and  it  is  quite  possible  with  the  space  at  disposal  to 
make  these  lOO-H.-P.  motors,  that  would  be  able  to  draw  three  or 
possibly  four  trail  cars  heavily  loaded. 

(c)  The  motor  cars  should  have  a  capacity  of  100  H.-P.  each,  but 
should  be  capable  of  developing  up  to  200  H.-P.  for  short  periods  of 
time  without  harm  or  injury  to  any  part.  The  best  way  to  attain 
this  result  will  be  to  employ  two   Eickemeyer-Field  electric  motors 
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of  50  H.-P.  each,  one  motor  on  each  four-wheel  swivel  truck  of  the 
motor  car. 

{d)  To  handle  a  train  of  four  cars,  each  Aveighing,  when  loaded,  25 
tons,  will  require  a  draw-bar  pull  of  nearly  1  000  lbs.  This  will  mean 
a  continuous  development  of  about  50  H.-P.  on  the  axle,  and  occasion- 
ally much  greater  jjower  for  acceleration,  etc.  We  should,  therefore, 
recommend  four  of  our  standard  25-H.-P.  motors  wound  for  25  miles 
an  hour.  These  will  weigh  each  2  500  lbs. ,  approximately,  so  that  four 
of  them  will  add  a  weight  of  5  tons  to  the  train. 

(e)  Taking  various  measurements  made  on  electric  tramcars  as  a 
standard  of  comparison,  200  H.-P.  will  be  required  to  satisfactorily 
operate  a  75-ton  train,  making  an  average  speed  of  20  miles  per  hour. 

Question  2. — What  will  these  motors  cost?  In  giving  cost,  separate 
the  cost  of  motors  and  motor  cars. 

Answers. — ■(«)  Cost  of  two  motors,  $5  000,  with  all  regulating 
devices.  Approximate  cost  of  triicks,  $S  000,  making  cost  of  electric 
locomotive  $8  000. 

{b)  The  motor  car,  body  and  trucks,  without  electrical  equipment, 
will  cost  in  the  neighborhood  of  $1  500  to  -SI  750,  depending  on  weight 
and  finish.  The  motors  would  cost  roughly  ^40  per  horse-power,  to 
which  should  be  added  about  ^400  per  motor  car  for  controlling  mech- 
anism, electrical  ai^jjliances,  Aviring,  labor,  etc.  Thus,  a  150-H.-P. 
motor  car  would  cost  complete  about  ^8  000,  although  these  figures 
would  be  somewhat  reduced  in  an  actual  bid. 

(c)  The  Eickemeyer -Field  motors  Avill  cost  about  $6  000  for  each 
motor  car.  This  figure  includes  trucks  and  ordinary  brakes,  but  does 
not  include  air-brake  apparatus.  The  cost  of  the  car  bodies  will 
be  approximately  ^4  500  each  additional,  making  the  cost  of  the  motor 
cars,  without  air-brake  apparatus,  SIO  500  each. 

(d)  The  four  motors,  together  with  their  controlling  apparatus, 
contact  trolleys  and  all  other  devices  necessary  to  completely  equip 
the  car,  will  cost  $5  000  per  motor  car.  The  cars  themselves  we  should 
estimate  at  §2  000  ajiiece. 

(e)  No  answer. 

Question  3. — Give  approximate  cost  of  trailers.  Cars  to  be  open 
cars,  with  cross  seats,  on  first-class  double  trucks. 

Answers. — (a)  Trailers  to  be  furnished  by  the  Hlinois  Central 
Railroad.     Cost,  about  #3  000  each. 

(b)  We  cannot  at  this  moment  make  more  than  an  approximate 
bid  upon  the  cost  of  trail  cars,  as  so  much  depends  upon  weight, 
style  and  finish.  The  cost  would  not  exceed,  however,  ^2  000,  and 
■would  probably  be  a  little  less. 

(c)  The  approximate  cost  of  open  trailers  with  cross-seats  on 
first-class  four-wheel  double  trucks  is  $'d  500  each,  with  ordinary 
brakes. 
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{(i)  The  trailers  we  should  estimate  at  ^2  000  apiece,  which  ought 
to  furnish  a  car  serviceable,  not  only  for  the  Woi'ld's  Fair,  but  for 
suburban  service  afterwards. 

(e)  No  answer. 

Question  4. — Is  it  desirable  to  have  horse-power  used  for  motor 
cars  consolidated  in  one  unit  or  divided  into  two  ? 

Answerfs. — ('/)  It  is  desirable  to  equip  each  electric  locomotive 
with  two  motors. 

[h)  There  should  be  two  motors  for  each  motor  car.  In  case  one 
is  disabled,  the  other  would  be  in  condition  to  jduII  the  train  in  and 
clear  the  road  without  difficulty. 

(c)  It  is  desirable  to  have  the  power  divided  equally  between  the 
two  trucks,  and  applied  equally  on  all  the  wheels  of  both  trucks,  since 
by  this  means  traction  on  all  wheels  will  be  secured,  and  in  the  event 
of  one  motor  giving  out,  the  other  will  run  the  train  to  the  terminal. 
The  motor  car  can  be  arranged  to  drive  from  either  end,  the  driver's 
box  being  placed  on  one  side  of  the  center  line  of  the  car,  so  as  to 
leave  the  usual  free  passage  from  car  to  car. 

(d)  It  will  be  most  desirable  to  have  the  motor  power  divided 
into  two  or  four  parts.  The  four-part  division  will  give  the  most 
efficient  means  of  control,  speed  and  power.  This  will  enable  the  use 
of  the  series-multiple  controlling  switch,  whereby  the  motors  can  all 
be  started  in  series  for  slow  speed  and  then  changed  over  to  multiple 
series  for  intermediate  speed,  and  finally  thrown  into  multiple  for 
high  speed.  A  still  further  adjustment  could  be  made  by  commuting 
the  fields  so  that  four  diff"erent  speeds,  varying  from  5  miles  to  25 
miles  an  hour,  could  be  obtained  with  maximum  efficiency,  and  with- 
out the  efficiency  dro^^ping  materially  at  intermediate  speeds. 

(e)  With  motor  cars  it  is  desirable  that  the  horse-power  should  be 
divided  into  two  units,  the  reason  being  that,  in  the  case  of  the  failure 
of  one  motor,  the  train  is  not  completely  disabled.  Further,  motors 
of  100  H.-P.  would  be  more  satisfactory  electrically  for  varying  loads, 
where  the  motors  are  not  accessible  to  the  operator.  In  the  present 
case  it  is  thought  advisable  to  run  these  two  motors  in  series,  so  that  the 
electro-motive  force  on  the  line  can  be  increased  to  1  000  volts.  With 
this  electro-motive  force,  but  one-fourth  of  the  weight  of  copper  will 
be  required  to  transmit  the  same  power  as  with  500  volts. 

Question  5. — What  is  the  best  method  to  transmit  the  power  of  the 
motor  to  the  axle,  by  gear  or  by  crank  ? 

Answers. — (a)  The  best  method  of  transmitting  the  power  of  the 
motor  to  the  axle  is  by  placing  the  armature  directly  upon  the  axle,  or 
transmitting  it  by  steel  gears. 

[b)  No  form  of  gear  or  crank  transmission  should  be  considered 
for  a  moment  in  work  of  this  character.  The  armatures  should  be 
radial  on  the  axle,  and  the  motors  of  the  utmost  simplicity  in  con- 


138        WALLACE  ON"  ELECTRICITY   FOR  SUBURBAN  TRAFFIC. 

struction.  It  is  estimated  that  75%  of  the  expense  of  maintaining 
geared  motors  is  due  to  tlie  gear  in  one  form  or  another,  not  only  by 
direct  breakage  of  gearing,  involving  the  necessity  of  replacement, 
but  also  by  armature  and  field  burnoiits,  due  to  "  locked  gearing  "  or 
other  electrical  difficulties,  caused  by  broken  parts  getting  into  the  re- 
volving parts  of  the  motors.  Moreover,  there  is  a  constant  and  heavy 
drain  upon  the  power  station,  caused  by  friction  of  gearing,  which 
amounts  even  in  comparatively  low-speed  work  to  at  least  20%  of  the 
total  power  consumption.  It  is  safe  to  say  that  motor  gearing  u^i  to 
the  iJresent  time  has  co.st  railway  companies  at  least  Ij  cents  per  car 
mile  on  an  average.  Gearless  motors  for  ordinary  street  car  work 
have  been  designed  and  are  now  in  regular  operation  at  speeds  slower 
than  most  of  the  new  types  of  single-reduction  motors,  and  with  very 
high  economy  in  power  consumption  and  cost  of  maintenance.  It  is, 
of  course,  a  much  simpler  problem  to  design  gearless  motors  of  larger 
power  to  run  at  higher  speed  and  with  a  greater  space  at  command 
obtained  by  the  use  of  a  42-in.  wheel  instead  of  30  and  33  ins.  with 
which  the  street  car  gearless  motor  can  be  used.  The  gearless  motor 
has  many  characteristics  which  give  it  great  value  in  all  classes  of 
railway  work.  It  starts  from  rest  smoothly,  attains  sjDeed  quickly, 
and,  having  no  gears  to  impede,  it  will  bowl  along  over  a  smooth  track 
at  a  cost  for  power  much  less  than  any  geared  motor.  To  fulfil  your 
requirements,  all  that  it  would  be  necessary  to  do  would  be  to  increase 
the  dimensions  of  the  street-car  motor,  making  a  33-in.  armature 
instead  of  a  23-in.,  as  at  present,  with  fields  and  framework  made  to 
correspond.  When  it  is  stated  that  the  power  of  an  electric  motor 
varies  roughly  as  the  cube  of  its  armature  diameter,  all  other  things 
being  increased  proportionately,  you  will  see  what  a  simple  problem 
it  is  to  obtain  the  requisite  horse-power  in  the  way  above  suggested. 
In  mounting  these  motors  on  the  truck  the  armature  will  be  keyed  to 
a  hollow  shaft  which  will  surround  the  car  axle,  leaving  an  annular 
space  of  at  least  Ij  ins.  This  hollow  shaft  will  be  carried  in  the  frame 
work  of  the  motor  itself,  hung  on  strong  cross-girders  of  the  truck 
through  flexible  rubber  bushings  of  special  design.  The  entire  truck 
frame  and  motors  will  thus  have  an  easy  spring  movement,  which 
will  prevent  pounding  on  the  track,  breakage  of  wires,  etc.,  which  is 
always  found  in  geared  motors  which  are  more  or  less  rigidly  at- 
tached to  the  framework.  The  armature  is  of  the  ring  type,  which 
l^ermits  of  separate  and  independent  coils,  which  may  be  rewound, 
in  case  of  burnout,  at  nominal  expense.  This  peculiar  type  of  arma- 
ture construction  has  been  found  by  far  the  most  satisfactory  in  street 
car  practice,  it  being  adopted  by  nearly  every  company.  This  com- 
pany was  the  first  to  recommend  its  use,  and  the  road  operating  it  in 
Rochester,  N.  Y. ,  is  now  making  250  000  car-miles  per  month,  at  a  cost 
for  repairs  of  less  than  ^  cent  i^er  car  mile,  although  the  motors  are 
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of  the  double-reduction  (four-gear)  type.  Further  information  upon 
the  peculiarities  of  the  gearless  motor  will  be  given  verbally  or  upon 
request. 

(c)  The  best  method  of  transmitting  the  jJOAver  of  the  motor  to 
the  axle  is  by  cranks  and  parallel  rods;  this  calls  for  a  motor  which 
turns  its  armature  at  the  same  speed  of  rotation  as  car  axle.  At  first 
sight,  this  comparatively  slow  armature  speed  might  apj^ear  objection- 
able, but  it  has  been  found  easily  possible  in  practice  to  so  design  and 
construct  a  motor  that  under  these  conditions  it  will  surpass  in  com- 
mercial efficiency  any  form  of  motor  as  yet  applied  to  work  of  this 
character.  As  bearing  out  our  statement  that  cranks  and  parallel 
rods  are  the  best  means  of  connecting  the  motor  to  the  axle,  we  have 
only  to  point  to  the  engineering  jaractice  with  steam  locomotives  for 
the  past  40  years.  Again,  in  mine  hoisting  machinery,  gearing  has 
been  almost  entirely  abandoned,  the  engines  being  connected  directly 
to  the  cable  drum. 

(d)  In  case  only  25  miles  an  hour  is  desired,  the  best  method 
would  be  by  the  use  of  spur  gearing— gearing  the  armature  directly  to 
the  axle.  This  will  enable  the  use  of  standard  motors  of  light  weight 
and  render  repairs  easy.  The  gears,  being  single  reduction  and  run  in 
oil,  will  be  practically  noiseless,  and  the  wear  and  tear  will  be  very  slight. 

(e)  The  best  method  of  transmitting  the  power  to  the  axle  which 
we  are  familiar  with  is  the  spur  gear.  Cranks  have  been  used  from 
time  to  time  for  this  purpose,  but  the  information  we  have  gathered  on 
this  subject  has  not  been  favorable  to  the  use  of  these  cranks. 

Question  6. — What  parts  of  motors  are  liable  to  give  the  most 
trouble  from  breakages,  and  what  is  the  best  and  quickest  method  of 
handling  motors  that  are  disabled  out  on  the  line,  and  to  avoid  the 
least  delays  to  traffic? 

Answers. — (a)  By  using  best  standard  motors  there  will  be  no 
trouble  from  breakage.  In  case  one  motor  should  be  disabled  elec- 
trically, the  train  may  be  run  into  the  terminal  station  with  the  other 
motor  and  then  be  rejaaired. 

{b)  The  most  trouble  from  breakage  is  experienced  with  gears, 
which  is  obviated  in  the  motor  described  in  Answer  5.  There  is  also 
some  liability  to  burn  out  armature  and  field  coils  in  electric  motors,  if 
heavily  overloaded;  but  with  the  type  of  motor  referred  to,  these  burn- 
outs are  of  very  rare  occurrence,  because  of  the  independence  of  the 
armatiare  coils  and  the  fact  that  they  are  thoroughly  ventilated.  More- 
over, the  burnout  of  more  than  one  coil  at  a  time  is  a  very  rare  occur- 
rence, and  the  motor  will  do  work  and  help  to  carry  the  train  throiigh 
to  the  terminus,  even  if  several  coils  are  burned  out,  a  very  important 
feature.  However,  in  general  plan  oiitlined  as  above,  there  is  ample 
power  in  one  motor  to  draw  a  train  in,  so  that  complete  stalling  of  the 
train  on  the  road  would  be  very  rarely  experienced. 
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(c)  The  parts  of  motors  most  liable  to  give  trouble  by  breakage  are 
the  armature  and  the  commutator.  This  is  not  saying  that  these  parts 
are  very  liable  to  give  trouble,  but  simply  that  they  are  the  most 
liable.  The  best  and  quickest  way  of  handling  motors  that  become 
disabled  out  on  the  line  is,  in  case  both  motors  are  disabled,  to  push 
the  train  in  by  the  next  motor  coming  along,  which,  owing  to  its  al- 
lowance for  development  of  extra  jjower,  should  do  the  work  without 
injury  to  it.  In  case  but  one  motor  of  the  car  should  be  disabled,  the 
remaining  motor  would  run  the  train  to  the  terminus,  where  it  could 
be  exchanged  for  one  of  the  reserve  motors.  In  the  event  of  such  dam- 
age to  a  motor  that  its  shaft  would  not  revolve,  the  connecting  rods 
could  be  quickly  removed,  and  the  wheels  and  axles  would  then  serve 
as  an  ordinary  truck. 

(d)  The  parts  of  the  motor  most  liable  to  require  repairs  are  the 
bearings  and  gears,  but  these  have  been  so  perfected  in  the  last  year 
that  their  maintenance  is  about  as  small  as  any  piece  of  mechanism 
could  be  expected  to  be.  Duplicate  trolley  wires,  duplicate  trolleys, 
duplicate  motors  and  proper  cut-out  switches  will  enable  a  motor  car 
disabled  in  any  of  its  parts  to  complete  its  round  trip  in  any  conceiv- 
able case.  Should,  however,  such  a  breakdown  occur  as  cannot  be 
foreseen,  and  the  motor  car  be  completely  disabled,  it  would  have  to 
be  pushed  to  the  terminal  station  or  to  the  nearest  siding  by  the  train 
in  the  rear,  and  the  motors  would  have  abundant  power  to  handle  two 
trains  if  necessary. 

(e)  With  pi;oper  system  of  insj^ection,  there  is  very  small  liability 
of  the  breaking  of  any  part.  The  gears  require  replacing  oftener  than 
other  parts,  but  a  mechanic  should  be  able  to  tell  from  the  condition 
of  the  gears  how  much  longer  they  are  to  be  relied  upon.  The  brushes 
on  the  commutator  would  require  attention  about  as  frequently  as  the 
journals.  With  proper  care  these  very  rarely  cause  trouble.  In  case 
a  motor  car  becomes  completely  disabled,  the  best  method  of  avoiding 
delay  would  be  to  side-track  the  train.  One  or  two  motor  cars  could 
be  held  in  readiness  along  the  line,  so  that  no  serious  delay  would  be 
possible. 

Question  7. — What  is  the  best-known  brake  for  electric  cars  and 
motors  suitable  to  the  requirements  of  this  line? 

Answers — (a)  The  best-known  brake  for  electric  railway  trains  is 
the  Westinghouse  air  brake.  The  air  pump  can  be  operated  by  a  small 
separate  motor  on  the  locomotive,  and  all  the  air-brake  appliances 
will  be  practically  the  same  as  those  now  in  use  on  steam  roads. 

(6)  You  should  use  a  Westinghouse  air  brake  of  the  usual  descrip- 
tion. We  would  place  in  the  motor  car  a  small  electric  motor,  geared 
to  an  air  i^ump,  which  would  furnish  the  required  power  for  working 
the  brakes.  You  would  thus  have  the  best  working  power  found  in 
any  system  of  street  railway  locomotion. 
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(c)  The  best  brake  for  motor  cars  and  trailers  operated  in  a  train, 
as  required,  is  the  air  brake. 

(d)  A  compression  air  brake  would  be  the  most  reliable  to  use  in 
connection  with  a  system  of  this  kind,  the  air  pump  to  be  operated  by 
a  separate  electric  motor  on  the  motor  car  and  controlled  by  the 
driver. 

(e)  The  best  brake  for  practice  of  this  sort  is  the  air  brake. 
Question  8. — "What   is   the  largest  motor   now  manufactured,   and 

where  is  it  operated  ? 

Answei'S — (a)  The  largest  motors  which  this  company  has  con- 
structed for  suburban  railway  service  are  of  30-H.  -P.  capacity  and  are 
in  operation  in  Sioux  City,  la. 

(i)  We  have  built  lOO-H.-P.  motors  for  transmission  of  power 
purposes,  and  dynamos  up  to  500  H.-P. ,  any  of  which  could  be  used  as 
motors  of  the  same  power  on  occasion.  For  railway  w^ork,  the  largest 
motors  yet  manufactured  in  this  country  are  30-H. -P.  motors,  which 
are  being  put  out  by  the  various  electrical  manufacturing  companies, 
ourselves  among  the  number.  In  England,  the  London  and  South 
Western  Company  is  using  large  motors  of  the  gearless  type  for  the 
operation  of  their  cars  under  ground,  these  cars  being,  as  we  under- 
stand, of  the  long  double-truck  type,  similar  to  those  Avhich  you  will 
require. 

(c)  The  largest  motors  of  the  type  recommended,  now  in  use,  are 
of  30  H.  -P. ,  and  are  capable  of  developing  50  H.  -P.  for  short  periods 
of  time  with  higher  efficiency,  and  without  injury  to  any  part  of  the 
motor.  Those  30-H.  -P.  motors  are  in  operation  at  Toledo,  O.  They 
are  each  mounted  on  a  four-wheel  triick  of  4-ft.  8^-in.  gauge,  having 
a  wheel  base  of  6  ft.  The  wheels  are  26  ins.  in  diameter,  and  make  265 
revolutions  when  the  car  is  going  20  miles  an  hour,  which  speed  is 
frequently  attained.  These  motors,  with  trucks  complete,  weigh  4^ 
tons,  and  upon  each  is  mounted  a  16-ft.  street  car  body,  weighing  3 
tons,  making  the  total  weight  of  the  motor  car  complete,  7^  tons. 
Fifty  passengers  can  be  carried  in  one  of  these  cars  without  straining 
or  overloading  the  motor.  Curves  of  32-ft.  radius  are  rounded  without 
difficulty,  and,  owing  to  the  small  diameter  of  the  drivers,  the  tend- 
ency to  leave  the  track  on  curves  is  very  slight.  In  Boston,  a  40-ft. 
car  propelled  by  two  20-H.-P.  motors,  each  mounted  on  a  four-wheel 
swivel  truck,  is  in  use,  the  motors  and  method  of  connection  being  the 
same  as  herein  recommended. 

{(l)  The  largest  motor  in  existence  is  the  freight  locomotive  at 
Whitinsville,  Mass.,  rated  at  120  H.-P.,  but  which  has  given  an  actual 
draw-bar  pull  of  10  000  lbs. 

(e)  The  largest  stationary  motor  in  operation  is  the  lOO-K.-W. 
motor,  manufactured  by  the  Edison  General  Electric  Company.  This 
motor  is  in  operation  in  the  Schenectady  works  and  in  various  other. 
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plants.  The  largest  motor  outfit  with  which  we  are  familiar  is  the  60- 
H.-P.  equipment  manufactured  by  the  Edison  General  Electric  Com- 
pany. This  is  in  operation  upon  the  Schenectady  Street  Railway  and 
various  other  railways. 

Queslion  9. — In  iising  two  motors  on  a  car  it  was  understood  that 
the  motors  work  separately  on  both  forward  and  rear  trucks,  and  that 
the  motor  cars  do  not  have  to  be  turned  at  end  of  line. 

Answers. — (a)  Using  two  motors  on  each  locomotive,  the  train  can 
be  operated  the  same  as  Avith  steam-power. 

{b)  See  answer  to  Question  10,  which  is  for  Questions  9  and  10. 

(c)  The  two  motors,  thus  applied  to  the  car,  will  each  work  in- 
dependently of  the  other  end  upon  its  own  truck.  The  motor  cars  can 
be  driven  from  either  end  and  in  either  direction. 

{d)  The  four  motors  would  all  work  in  unison,  but  any  one  or 
more  could  be  cut  out  and  the  other  motors  do  the  work.  Motors  can 
be  run  either  w* ay  and  reversed  with  a  single  switch.  Each  can  be  con- 
trolled from  either  end  of  the  motor  car,  and  the  car  can  be  treated  in 
every  respect  as  a  double-ended  locomotive. 

(e)  The  statement  made  that  the  motors  do  not  have  to  be  turned 
at  end  of  line  is  correct. 

Qnestio7i  10. — Can  both  motors  be  used  at  once  in  the  same  direc- 
tion, and  can  motors  be  reversed  on  line  in  an  opposite  direction,  and 
can  both  motors  be  operated  from  same  end  of  car  ? 

Answei-s. — (a)  Both  motors  can  be  used  at  once  in  the  same  direc- 
tion, and  may  be  reversed  on  the  line  in  an  opi>osite  direction,  and  both 
motors  may  be  operated  independently  of  each  other.  With  one  motor 
in  operation,  the  speed  of  the  train  will  be  considerably  less  than  25 
miles  per  hour. 

{b)  Both  motors  can  be  controlled  from  either  end  of  the  car  to 
work  together  in  either  direction;  in  other  words,  you  can  do  with 
them  precisely  what  you  can  with  a  locomotive,  and,  in  addition, 
you  can  never  sjjeak  of  the  motor  car  as  running  backwards,  as  it  is 
symmetrical  in  form. 

(c)  Both  motors  can  be  used  at  once  in  the  same  direction  and  can 
be  reversed  on  line  from  either  end  of  car.  Both  motors  can,  of  course, 
be  operated  from  same  end  of  car. 

(d)  Unless  a  motor  is  disabled,  all  the  motors  will  be  used  simul- 
taneously, as  this  gives  the  most  efficient  service  and  least  heating  of 
motors. 

(e)  Both  motors  can  be  used  at  once  in  the  same  direction.  The 
motors  can  be  reversed  on  the  line  in  an  opposite  direction,  and  both 
motors  can  be  operated  from  the  same  end  of  the  car.  The  above  con- 
ditions are  common  to  street  railway  jiractice. 

Question  11. — If  the  motor  is  designed  for  a  speed  of  20  miles  an 
hour,  with  a  certain  load,  can  the  speed  be  increased  with  a  less  load 
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without    overstraining    the  motor   and    without    any    change   in  the 
mechanism,  and  what  percentage  can  speed  be  increased  ? 

Anaioers. — [a)  The  motors  will  be  so  designed  that  when  hauling 
a  load  of  150  tons  they  will  run  at  a  speed  of,  say,  25  miles  per  hour, 
and  with  a  less  load  they  will  run  faster  without  overstraining  and  with- 
out any  change  in  mechanism.  The  sj^eed  will  increase  nearly  in  direct 
proportion  as  the  load  deci'eases. 

[h)  The  answer  to  this  question  depends  upon  the  characteristic 
curves  of  the  motor.  In  a  general  way,  it  may  be  said  that  we  can  design 
and  build  a  gearless  motor  car  which  would  operate  aboiit  as  follows  : 
In  starting  a  70-ton  train,  it  would  take,  perhaps,  125  E.  H.-P.  During 
the  period  of  acceleration  up  to  a  speed  of  20  miles  per  hour,  the  power 
would  gradually  fall  from  125  H.-P.  to,  perhaps,  50  to  bO  H.-P.,  or 
even  less,  the  power  exerted  being  required  in  overcoming  friction  of 
journals,  etc.  With  a  50-ton  train,  the  speed  would,  perhaps,  reach  22 
to  25  miles  per  hour,  or  a  slightly  greater  speed  than  that  of  the  70-ton 
train,  but  it  is  a  peculiarity  of  our  special  method  of  building  motors 
than  the  speed  under  heavy  loads  does  not  fall  greatly  over  that  re- 
quired for  light  loads;  in  other  words,  the  motors  "stand  up  to  their 
work  "  on  grades  or  heavy  tractive  pull.  It  may  be  said  in  passing 
that  it  would  not  be  feasible  to  run  a  geared  motor  as  rapidly  as  a 
gearless,  since  the  liability  of  breakage  would  be  much  greater. 

(c)  Motor  cars  can  readily  be  constructed  so  that  while  adapted 
for  a  speed  of  20  miles  an  hour,  with  a  certain  load,  their  speed  may 
be  increased  to  25  or  30  miles  an  hour  with  less  load.  The  speed  may 
even  be  increased  with  the  same  load  without  overstraining  the  motor 
and  without  a  change  in  the  mechanism. 

{d)  The  motors  designed  to  rixn  20  to  25  miles  an  hour  would  not 
be  able  to  go  over  35  miles  an  hour  on  the  level  with  a  light  load. 

(e)  If  the  motor  is  designed  for  a  speed  of  20  miles  an  hour  with  a 
certain  load,  the  speed  can  be  increased  with  a  less  load  without  strain- 
ing the  motors  and  without  any  change  in  the  mechanism.  It  is  safe 
to  say  the  speed  can  be  increased  50^  and  not  exceed  the  ordinary 
conditions  of  good  practice. 

Question  12.  —  In  how  short  a  distance  can  trains  described  above 
be  brought  to  a  stojj  with  existing  brakes  from  a  speed  of  20  miles  per 
hour? 

Answers. — {a)  The  train  may  be  brought  to  a  standstill  by  the 
Westinghouse  air  brake  in  about  100  ft. 

(b)  With  air  brakes  only,  as  described,  the  result  would  be  the 
same  with  electric  traction  as  with  steam.  There  is,  however,  an  ad- 
ditional safeguard  in  an  electric  locomotive  not  possessed  to  the  same 
degree  by  a  steam  locomotive.  The  motors  may  be  instantly  reversed 
by  turning  the  controlling  handle  in  such  a  way  as  to  actually  turn 
the  wheels  backward  while  the  train  is  going  forward,  thus  accomplish- 
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ing  an  extremely  quick  stop.  This,  however,  is  to  be  applied  only  in 
the  most  extremely  urgent  necessity,  as  the  results  are  apt  to  be  dis- 
astrous from  the  enormous  amount  of  power  necessarily  going  through 
the  motor.  In  ordinary  sei-vice  an  80-ton  train  can  jirobably  be  stopped 
within  400  to  500  ft. 

(c)  With  air  brakes  a  train  of  three  cars  can  be  stopped,  under 
ordinary  conditions  of  rail  service,  from  a  speed  of  20  miles  an  hour 
within  a  distance  of  350  ft.  without  excessive  jarring. 

(d)  The  theoretical  distance  for  stopping  a  train  going  at  20  miles 
an  hour  would  be  about  80  ft.,  but  it  would  not  be  safe  to  count  on 
less  than  120  ft.  under  the  most  favorable  conditions,  since  the  driver 
cannot  always  gauge  his  braking  j^ower  to  his  load.  Taking  in  all 
kinds  of  conditions  and  distances,  all  of  200  ft.  should  be  allowed  for 
stopping  from  a  speed  of  20  miles  an  hour. 

(e)  If  brakes  are  put  on  each  car,  and  the  described  conditions  in- 
dicate that  they  should  be,  the  train  moving  20  miles  an  hour  can  be 
stopped  in  a  distance  of  200  ft.,  with  ordinary  conditions  of  track. 

Question  13. — Upon  the  line  under  consideration,  what  would  be 
the  best  location  for  the  power  house,  taking  into  consideration  that 
after  the  World's  Fair  the  line  will  be  extended  7  miles  south  and  that 
trains  will  have  to  stop  at  suburban  stations  at  intervals  of  i  mile? 

Answers. — {a)  The  best  location  for  the  power  station  will  be  the 
center  of  the  line. 

[b]  The  best  location  for  the  power  house  is  always  as  near  as  pos- 
sible to  the  center  of  the  road  which  it  is  to  serve.  Other  considera- 
tions, however,  frequently  come  in  to  disturb  the  best  theoretical 
arrangement.  It  is  important  that  coal  should  be  delivered  directly 
at  the  power  house  without  cost  of  cartage,  and,  therefore,  the  station 
should  be  located  near  the  railroad  track.  Moreover,  in  a  plant  of  this 
size,  it  would  be  high  economy  to  condense,  and  the  question  of  ob- 
taining a  cheap  water  supply  for  this  purpose  should  not  be  over- 
looked. It  is  impossible  to  state,  therefore,  without  a  comparative 
estimate  of  available  sites,  what  would  be  the  best  location,  but  it  may 
be  said  in  general  that  in  a  15-mile  line  you  can  safely  work  within  a 
radius  of  2  or  3  miles  from  the  exact  center. 

(c)  The  best  location  for  the  power  house,  from  considerations  of 
economy  in  distribution  of  electrical  energy  and  in  cost  of  copper, 
would  be  at  the  middle  of  the  length  of  the  road ;  this  is  true  whatever 
the  amount  of  business  or  number  of  stops  to  be  made.  This  is  assum- 
ing that  only  one  power  house  can  be  used.  If  the  length  of  the  road 
oi^erated  should  be  extended  to  15  miles,  with  a  very  heavy  traffic,  it 
might  become  more  economical  to  supply  the  electrical  energy  from 
two  power  hoiises  than  from  one,  but  for  a  traffic  extending  over  7  or 
8  miles,  one  power  house,  located  at  the  middle  of  the  road,  would 
keep  the  cost  within  reasonable  limits. 
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(d)  The  best  location  for  the  power  house  would  T)e  in  the  neigh- 
borhood of  3  miles  from  the  city  terminus,  and  as  near  to  the  middle 
of  the  line  as  possible.  For  subsequent  extensions  a  suburban  station 
would  be  built  somewhere  beyond  Jackson  Park.  The  stations  would 
be  so  large  that  there  would  be  no  loss  of  economy  in  having  two 
stations  instead  of  one. 

(e)  It  is  not  possible  to  give  an  exact  answer  to  this  question 
without  knowing  the  exact  value  of  real  estate  at  various  locations 
along  the  line;  also,  facilities  for  pi'ocuring  coal.  Neglecting  these 
items,  however,  and  taking  into  consideration  the  statements  made  to 
us  that  the  traffic  on  this  second  7  miles  of  track  to  be  built  after  the 
World's  Fair  falls  of£  with  the  distance  from  the  terminus  of  the 
present  contemplated  road,  we  would  say  the  station  could  be  most 
advantageously  situated  within  about  2  miles  of  the  end  from  which 
the  extension  is  to  be  made. 

Question  14. — How  much  power  i^lant  would  be  required  to  operate 
from  60  to  70  trains  of  65  to  70  tons  each  at  a  speed  of  20  miles  per  hour  ? 

Answers.  {'/)  The  power  plant  should  have  an  aggregate  generat- 
ing capacity  of,  at  least,  4  800  H.  -P. 

(ft)  You  should  plan  for  a  power  plant  of  10  000  H.-P.  to  jjrovide 
a  sufficient  margin  for  reserve  and  contingencies.  Your  average  out- 
put should  not  exceed  6  000  H.-P.,  if  you  ran  three  car  trains,  but 
there  will  frequently  be  call  for  7  500  H.-P.  on  special  days  when 
loads  or  conditions  of  track  are  severe. 

(c)  The  power  plant  necessary  to  operate  60  to  70  trains  at  20 
miles  an  hour  we  estimate  at  5  000  H.-P.  capacity.  This  estimate  is 
based  on  use  of  1  COO  watts  electrical  energy  for  each  ton  weight  to  be 
moved;  practically,  it  would  be  found  that  with  60  trains  running  at 
20  miles  per  hour  the  horse-power  required  at  the  house  would  fall 
below  4  000. 

((/)  To  operate  the  above-described  four-car  train  of  100  tons 
would  require  about  100  H.-P.  in  the  engine,  and,  as  40  of  these  will 
be  running  at  once,  4  000  H.  -P.  will  be  needed  continuously  during 
the  hours  of  maximum  travel;  allowing  a  reserve  of  20%,  the  total 
power  required  for  the  central  station  would  be  5  000  H.-P. 

(e)  Basing  our  answer  to  this  question  on  the  present  street  rail- 
way practice,  from  12  000  to  15  000  H.-P.  will  be  required  to  operate 
from  60  to  70  trains  of  from  65  to  70  tons  at  a  speed  of  20  miles  an 
hour.  It  is  possible  that  in  the  present  case  less  power  would  be  re- 
quired, owing  to  favorable  conditions  of  track  and  the  small  number 
of  stops  to  be  made.  We  do  not  feel  safe,  however,  in  stating  that  a 
less  powerr  would  be  required  until  we  have  had  an  opportunity  to 
make  a  thorough  investigation  of  the  whole  matter. 

Question  15. — What  excess  power  will  be  required  in  such  a  plant, 
if  any  ? 
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Answers. — (a)  It  is  advisable  that  spare  machinery  of  at  least 
8  000  H.  -P.  generating  capacity  be  added. 

(b)  You  will  see  from  Answer  14  that  we  allow  25%  reserve. 

(c)  No  excess  of  jjower  above  5  000  H.-P.  would  be  required,  pro- 
vided the  power  units  were  not  too  large. 

{(I)  Twenty  per  cent,  reserve  would  be  sufficient,  i^rovided  the 
station  is  carefully  installed  and  the  apparatus  of  liberal  capacity. 

(e)  In  a  plant  of  the  present  description  it  seems  unnecessary  that 
more  than  a  20%"  margin  should  be  allowed.  In  street  railway  practice 
larger  margins  are  generally  allowed,  but  the  demands  for  power  in 
this  case  are  liable  to  fluctuate  very  greatly,  while  in  the  jDresent  case 
the  demand  for  power  is  nearly  constant. 

Question  16. — What  would  you  recommend  as  to  the  proper  units 
into  which  this  power  should  be  divided? 

Answer's. — [a)  The  smallest  unit  into  which  it  would  be  advisable 
to  divide  this  power  would  be  800  H.-P. 

(b)  We  would  recommend  1  OOO-H.-P.  engine  units  and  500-H.-P. 
dynamo  units,  two  dynamos  being  coupled  direct  to  the  shafts  of  each 
engine. 

(c)  We  would  recommend  the  division  of  power  into  twelve  en- 
gines of  400  H.  -P.  each. 

(d)  The  units  could  be  either  ten  of  500  H.-P.  each,  or  five  of 
1  000  H.-P.  each.  The  former  would  give  greater  flexibility,  and  the 
latter  greater  simplicity.  It  would  be  a  matter  that  should  be  decided 
largely  by  prices  of  engines  and  similar  considerations  that  would  come 
up  during  the  further  discussion  of  the  problem. 

(e)  We  would  recommend  as  the  proper  unit  of  power  for  the 
above  work  1  500-H.-P.  engines  and  760-H.-P.  dynamos,  two  dynamos 
to  each  engine,  the  engines  to  be  trij^le  compound  condensing,  with 
Corliss  valves. 

Question  17. — If  the  requirements  forjjower  should  be  reduced  50%" 
after  the  World's  Fair,  what  power  of  each  unit  would  you  recommend? 
Answers. — (a)  Answer  contained  in  Answer  16. 

(b)  The  same  as  indicated  in  Answer  16. 

(c)  If  the  power  jjlant  should  be  reduced  50%  after  the  World's 
Fair,  we  would  still  recommend  the  same  units  of  400  H.-P. 

(ff)  In  case  the  power  plant  was  to  be  materially  reduced,  the 
smaller  unit  of  500  H.-P.  would  be  preferable. 

(e)  We  would  recommend  the  same  type  of  machine,  if  the  power 
should  be  reduced  50%"  after  the  World's  Fair. 

Question  18. — -How  many  square  feet  in  sjjace  will  be  required  for 
the  erection  of  steam  and  electi-ic  jaower  plant,  including  boiler  house? 

Ansicers. — (a)  The  number  of  square  feet  required  for  the  erec- 
tion of  the  steam  and  electric  jjlant,  inchidingthe  boiler  house,  will  be 
75  000. 
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(b)  Yoii  -will  require  a  lot  of  about  350  ft.  by  125  ft.,  or  the  equiva- 
lent in  area,  in  case  you  can  purchase  land  cheaply ;  otherwise,  it  is 
possible  to  arrange  a  two-story  building,  with  a  little  more  than  one- 
half  this  space. 

(c)  We  estimate  the  space  required  in  square  feet  for  the  erection 
of  steam  and  electric  power  plant,  including  boiler  houses,  at  from 
15  000  to  25  000,  according  to  types  of  boilers,  engines  and  generators 
used,  with  everything  on  one  floor;  if  two  floors  are  used,  the  space  re- 
quired can  be  reduced  to  about  12  000  sq.  ft.,  or  even  somewhat  less, 
if  necessary. 

(d)  The  boilers  will  require  2J  sq.  ft.  per  horse-power,  or,  say, 
a  building  145  x  85  ft.,  and  the  engines  and  dynamos  will  require  2.61 
sq.  ft.  per  horse-power,  or,  say,  a  building  145  x  90  ft;  so  that  a  build- 
ing 145  X  175  ft.  would  be  sufficient  for  the  whole  power  plant. 

(e)  About  27  000  sq.  ft.  will  be  required  for  the  erection  of  steam 
and  power  plant,  including  boiler-house,  and  a  room  about  130  x  130 
ft.  for  engines  and  dynamos,  pumps,  etc. ,  and  a  room  about  80  x  130 
ft.  for  boilers.  We  would  recommend  two  separate  smokestacks,  one 
on  each  side  of  the  room. 

Question  19. — Give  your  opinion  as  to  the  most  economical  and 
best  kind  of  boilers,  engines  and  generators  to  use  for  such  a  plant. 

Answers,  {a)  In  our  opinion,  the  most  economical  and  best  boilers 
are  the  Babcock  &  Wilcox ;  engines,  of  the  Corliss  type,  and  generators, 
manufactured  by  the  Westinghouse  Electric  Company. 

[b)  We  would  recommend  large  water-tube  boilers  with  mechan- 
ical stokers;  a  high  grade  Corliss  tyi^e  of  engine  and  slow-speed  gen- 
erators adapted  for  direct  coupling  to  the  engine  shafts.  It  is  unsafe 
to  experiment  with  new  or  unusual  types  of  boilers  or  engines,  and 
nothing  but  what  have  been  found  in  the  past  to  be  the  most  reliable 
under  all  conditions  should  be  thought  of. 

(c)  A  water-tube  boiler  of  Babcock  &  Wilcox  or  similar  design  we 
should  consider  most  economical  and  best  suited  to  your  requirements. 
For  engines,  compound  condensing,  medium-speed  engines,  directly 
connected  to  generator,  will  give  economical  results,  provided  water 
for  condensing  can  be  obtained  with  little  cost.  The  obtaining  of 
water  would  depend  on  the  location  of  the  plant.  The  generators 
should  be  of  400  H.  -P.  each  and  operated  at  a  voltage  of  500  to  600. 
They  can  be  either  of  bipolar  or  multipolar  construction  and  should 
have  a  commercial  efficiency  of  80^^  or  over  when  under  full  load. 

(d)  Babcock  &  Wilcox  boilers  should  be  preferred,  and  compound 
or  triple-expansion  engines  of  slow-speed  type,  with  generators  directly 
coupled  to  the  same. 

[e)  We  recommend  the  Climax  type  of  boiler  as  the  most  effi- 
cient, economical  and  as  requiring  the  least  floor  space.  We  recom- 
mend a  vertical  triple-compound  condensing  Corlisa-gear  engine,  with 
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a  sub-base  plate  or  foundation  box,  on  which  would  be  erected  the 
engines  and  generators,  with  two  generators  to  each  engine,  one  at 
either  end  of  crank  shaft,  with  armature  coupled  directly  on  the  crank 
shaft.     We  recommend  a  multipolar  type  of  generator. 

Question  20. — Give  aj^proximate  cost  of  power  plant,  to  erect  en- 
gines, boilers,  generators,  separately. 

Answers,  {a)  The  apiJroximate  cost  of  power  plant,  complete,  ready 
to  run,  will  be  $475  000,  not  including  real  estate. 

(J)  The  steam  plant,  complete,  including  engines,  boilers,  con- 
densers, heaters  and  all  accessory  apparatus,  together  with  piping, 
labor  in  erecting  and  evei'ything  necessary  to  make  the  plant  ready 
for  operation,  will  cost,  in  round  numbers,  $60  per  horse-power.  The 
electric  plant,  complete,  including  generators,  switchboard,  ap- 
pliances, controlling  apparatus  and  accessory  apparatus,  including 
labor  in  erecting  and  making  ready  for  operation,  woitld  cost,  in  round 
figures,  $40  jjer  horse-power.  The  cost  of  the  power  station,  complete, 
would  therefore  be,  roughly,  $1  000  000;  this  figure  would  easily  cover 
also  the  cost  of  the  building  itself. 

(c)  We  estimate  the  approximate  cost  of  engines  and  boilers, 
erected,  including  necessary  pumps  and  heaters,  at  $40  per  horse- 
power. This  would  make  a  total  cost  of  $200  000  for  3  000  H.-P. 
The  cost  of  twelve  generators  erected  would  be  $120  000. 

{d)  The  power  plant  would  cost  $91  per  horse-jDower,  if  con- 
structed in  a  first-class  manner.  This  figure  will  allow  for  slow-speed 
directly  coupled  dynamos  and  slow-speed  compound  engines  of  the 
most  approved  type,  and  boilers,  furnaces,  steam  connections,  pumps, 
condensers  and  economizers,  all  of  the  best  and  most  reliable  makes. 
It  would  also  include  the  cost  of  building,  for  which  an  allowance  of 
$10  per  horse-power  has  been  made.  The  dynamos  have  been  estimated 
at  $35  per  horse-power  and  the  steam  plant  at  $46  per  horse-power,  and 
it  is  with  the  understanding  that  the  plant  is  to  be  in  every  way  ample 
and  above  actual  rated  capacity  that  the  above  figu.res  are  given. 

(e)  The  approximate  estimated  cost  of  the  twelve  1  500-H.-P. 
triple-compound  engines,  with  two  dynamos  each,  woiild  be  $1  000  000. 
The  approximate  estimated  cost  of  the  boilers  would  be  $144  000,  and  the 
necessary  piping,  jjumps,  etc. ,  to  the  amount  of  about  $20  000  to  $25  000. 

Question  21.  — Give  estimated  cost  for  operating  power  plant,  with 
coal  at  $1  per  ton. 

Answers. — {a)  We  estimate  that  the  cost  of  operating  the  power  ' 
plant,  with  coal  at  $1  jjer  ton,  will  be  $60  000  per  year,  including  all 
fuel,  labor  and  repairs. 

{b)  It  would  be  entirely  safe  to  figure  ui)on  $30  per  horse-power 
per  year  in  a  station  of  this  size,  oi^erating  for  18  hours  a  day.  The 
cost  of  generating,  therefore,  7  500  H.-P.  would  be  $225  000  per  year, 
which  should  cover  all  exjjenses. 
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(c)  When  ruuning  at  full  capacity,  the  cost  of  fuel  per  hour, 
Avith  coal  at  $1  a  ton,  woiild  be  about  ^4.  This  gives  2  lbs.  of  coal 
per  horse-power  per  hour.  The  expense  for  firemen,  engineers,  gen- 
erator attendants,  we  estimate  at  about  ^4  per  hour.  This  would  al- 
low ten  firemen  at  $2  each  per  day;  two  engineers  at  $6  each  per  day; 
one  head  generator  attendant  at  .fS  per  day,  with  two  assistants  at 
$2  50  each  per  day. 

{d)  In  the  following  estimate  the  interest  and  depreciation  are  in- 
cluded so  as  to  enable  the  railway  company  to  make  a  ready  com- 
parison between  the  electrical  system  and  the  steam  system.  No  ac- 
count is  taken  of  the  maintenance  of  cars,  trucks,  roadbed,  etc.,  as 
these  are  believed  to  be  common  to  both  systems,  with  a  slight  ad- 
vantage in  favor  of  electricity,  because  of  its  greater  cleanliness  and 
greater  ease  on  the  roadbed. 

Centkal,  Poaver  Station. 
Capacity,  5  000  H.-P.;  maximum  duty,  4  OOOH.-P.;  reserve,  1  000  H.-P. 

Initial  Cost:                                                                               Total.  Per  h.-p. 
Boilers  and  Furnaces,  10  Babcock  &  Wil- 
cox (500 H.-P.  each) $75  000  $15 

Piping,  pumps,  heaters  and  all  accessories       25  000  5 
Engines;  five  compound  condensing,  1  000 

H.-P.  each 100  000  20 

Foundations 30  000  6 

Steam  plant  complete $230  000  46 

Building 50  000  10 

Dynamos  5  000  H.-P.,  each  to  be  direct 
coupled  compound  wound  and  to  de- 
velop 800  volts;  with  switchboard  and 
all  accessories 175  000  35 

Power  station  complete  ready  to  run $455  000  $91 

Interest  on  power   station,  at  6%   per    annum,  Per  day,      PerH^-p. 

$27  300 $74  80 

Maintenance  and  Taxes,  at  ^% 62  30 

Operating  Expenses : 

Coal,  48  000  H.-P. -hours    per  day,  at  $1 

per  net  ton,  and  3  lbs.  per  H.-P. -hour.  $72  00  $0.001500 

Oiland  Avaste 2  16  .000045 

Engineers,  2  at  $4 8  00  .000167 

Oilers,  4  at  $2 8  00  .000167 

Firemen,  8  at  $2 16  00  .000334 

Dynamo  men,  2  at  $3 6  00  .  000125 

Superintendents,  2  at  $6  and  $10 16  00  .  000334 

Total  wages $54  00 
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Total  cost  of  operation  for  six  hours  maxi- 
mum  work,  and  twelve  hours  at  50%", 
48  000  H. -P. -hours,  and  480  train- 
hours,  or  9  600  train-miles,  or  38  400 
car-miles  per  day 


$^265  19 


Total  operating  expenses  per  H. -P.. hour ^0  00553 

train-mile 0276 

car-mile 0069 

"  "        passenger-mile,  assuming 

that  the  cars  carry  50%  of  their  seating  capacity . .      .  000123 

Cost :  Line. 

7i  miles  of  center-pole  construction,  in- 
cluding four  lines  of  trolley  wire  and 
insulated  feeders,  siifficient  to  give  a 
maximum  drop  of  20%",  all  complete . .  $40  000  00 
Block  signal  system  for  automatically 
stopi^ing  trains  ajiproaching  within  a 
given  distance  of  i^receding  trains. . 


12  000  00 

$52  000  00 


Interest  at  6  per  cent 

Maintenance  of  Line  : 

One  line  foreman,   at  $2  50 
Four  line  men,  at  $1  75.  . .  . 


Per  year. 

$3  120  00 


$2  50 
7  00 


Total  wages $9  50 

Supplies 1  00 


Total $10  50 


Running  expense  of  line  per  day .  . . 

Running  expense  of  line  per  train- 
mile  

Running  expense  of  line  per  car- 
mile 

Running  expense  of  line  per  passen- 
ger-mile   


.$10.50 
19.04 


.002 

.0005 

.00000892 


Per  day. 

$8  54 


Cost :  MoTOKs. 

Complete  electric  equijimeut  for  60  motor  cars,  each 
including  four  standard  25-H. -P.  single  reduction 
water-proof  motors  with  controlling  mechanism 
and  all  accessories,  including  the  installing  of  the 
same  at  Chicago  and  wiring  of  motor  cars,  at 
$5  500  per  motor  car $330  000 
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Per  year.  Per  day. 

Interest  at  6  per  cent S19  800  00  ^54  36 

Maintenance  and  taxes,  10  per  cent 33  000  00  90  41 

Opei'oting  Expenses  : 

60  drivers,  12  hours  per  day,  at  $3.  .^180. 00 
Grease  and  waste 15 .  00 

Running  expense  per  day ^339  77 

"  "         per  train-mile .0354 

"  "        per  car-mile .  0088 

"  "        per  jaassenger-mile .00016 

Assuming  average  of  50%  load. 

Total  Initial  Cost  : 

Central  power  station i$455  000  00 

Line 52  000  00 

Motor  equipment 330  000  00 

Total $837  000  00 

Motive  Power  Running  Expenses  Per  Day  : 

Central  power  station $265  19 

Line 19  04 

Motors 339  77 

Total $624  00 

Motive  Power  Running  Expenses  Per  Train-Mile  : 

Central  power  station $0 .  0276 

Line .0020 

Motors .0354 

Total $0,0650 

Motive  Power  Running  Expenses  Per  Gar-Mile  : 

Central  power  station $0 .  0069 

Line .0005 

Motors .0088 

Total $0.0162 

Motive  Power  Running  Expenses  Per  Passenger- Mile  : 

Central  power  station $0 .  000123 

Line 000009 

Motors 000160 

Total $0.000292 
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(e)  The  estimated  cost  of  operating  power  plant,  with  coal  at  .fl 
per  ton,  12  hours  per  day,  would  be  as  follows  : 

Coal,  110  tons ,. $110  00 

One  chief  engineer,  at  $6  per  day 6  00 

Four  assistant  engineers,  at  $4  50  per  day   18  00 

One  chief  electrician,  at  $3  50  per  day 3  50 

Eight  oilers,  at  .fl  50  per  day 12  00 

Eight  wipers,  at  $1  25  per  day 10  00 

Eight  dynamo  tenders,  at  $1  50  per  day 12  00 

Twenty-four  firemen,  at  $2  per  day 48  00 

Two  water  tenders,  at  $1  50  per  day 3  00 

Twelve  coal  wheelers,  at  $1  25  per  day 15  00 

Ten  helpers,  at  $1  25  per  day 12  50 

Water,  at  1^  cents  per  1 000  galls 90  00 

Oil,  waste,  etc 80  00 

Total !B420  00 

Question  22. — Will  an  electrical  engineer  be  required  to  superin- 
tend the  operation  of  this  plant,  or  will  a  mechanical  engineer  be  able 
to  do  so  ? 

Answej's. — (a)  For  the  operation  of  this  jjlant  a  first-class  me- 
chanical engineer  having  experience  in  electric  railroading,  with  an 
electrician  for  an  assistant,  will  be  required. 

(b)  You  should  engage  for  your  service  an  engineer  of  the  high- 
est professional  standing.  He  should  have  a  special  experience  in  me- 
chanical engineering,  with  some  knowledge  of  electricity.  He  should 
have  as  assistants  a  first-class  mechanical  engineer,  to  have  charge  of 
the  steam  jalant  for  the  power  station;  a  good  electrician,  to  take 
charge  of  dynamos  and  electrical  jiower  plant;  a  superintendent  of 
motive  power  or  master  mechanic,  to  take  charge  of  car  and  station 
repairs  of  all  sorts;  and  a  siiperintendent  of  construction,  for  the  over- 
head wiring  system. 

(c)  A  competent  and  experienced  mechanical  engineer  can  soon 
acquii'e  the  additional  knowledge  necessary  to  fit  him  for  the  position 
of  superintendent  of  this  jjlant.  No  electrical  engineer  who  did  not 
combine  a  thorough  knowledge  of  mechanical  engineering  woiild  be 
competent  to  superintend  this  plant. 

(d)  An  electrical  engineer,  who  should  also  be  a  mechanical  engi- 
neer, will  be  necessary  to  superintend  the  operation  of  the  plant. 

(e)  There  should  be  one  engineer  of  each  class,  as  named  in  esti- 
mate in  Answer  21. 

Question  23. — What  is  the  best  method  of  transmitting  power  from 
power  house  to  motors  ? 
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Answei-s. — (a)  The  best  method  of  transmitting  power  from  the 
power  house  to  the  motors  is  by  the  overhead  trolley  system,  which 
will  cost  S150  000,  iu chiding  poles  and  all  necessary  copper  wire. 

(b)  The  overhead  trolley  system. 

(c)  The  best  method  of  transmitting  power  from  the  power  house 
to  the  motors  is  by  the  overhead  trolley  system  with  rail  return. 

(d)  The  overhead  trolley  wire  is  decidedly  the  preferable  means 
for  conveying  current  to  the  motors.  It  would  be  fed  by  feeders, 
which  would  also  be  overhead  or  placed  in  a  conduit. 

(e)  We  would  recommend  as  the  best  method  of  transmitting  power 
from  power  house  to  motors  the  overhead  trolley  system. 

Question  24. — If  by  the  use  of  conduit,  give  estimated  cost.  If 
by  the  three-rail  system,  give  cost.  If  by  the  overhead  trolley  system, 
give  cost. 

Answers. — (a)  Answer  contained  in  Answer  23. 

(h)  We  would  advise  a  strong  wooden-pole  construction  on  ac- 
count of  cost  and  insulation.  The  cost  of  poles,  trolley  wire,  brackets 
(for  center  pole  construction,  which  would  probably  be  the  best,  if  the 
suburban  tracks  are  side  by  side),  line  ajipliances,  track  wire  and  labor 
in  erecting,  would  be  not  far  from  $2  500  to  $3  000  per  mile  of  double 
track.  The  cost  of  feed  wire  would  be  very  large  and  could  not  be 
given  without  knowing  the  location  of  the  power  station.  It  will  be, 
approximately,  $15  000  to  $20  000  jjer  mile  of  double  track  for  a  rail- 
road system  15  miles  in  length,  with  power  station  in  the  center, 
operating  50  trains,  requiring  100  average  horse-power  each. 

(c)  We  estimate  the  quantity  of  copper  required  for  conductors  at 
500  000  lbs.  for  the  overhead  conductors,  and  250  000  lbs.  for  the  rail 
work.  At  15  cents  a  pound  for  copjaer  this  would  make  $75  000  for 
the  overhead  work,  and  $37  500  for  the  rail  work.  Copper  is  at  the 
present  time  selling  at  a  little  less  than  this,  being  lower  than  it  has 
been  for  a  number  of  years.  The  cost  of  construction  and  material 
other  than  copper  for  the  single  line  of  poles  required  between  the  two 
lines  of  rails  we  estimate  at  about  $10  000. 

{d)  The  cost  of  the  trolley  wire  with  center-i^ole  construction, 
together  with  necessary  feeders,  cut-out  switches,  lightning  arresters, 
and  all  of  the  necessary  apparatxis  to  operate  the  line  efficiently  and 
safely,  would  be  $1  000  per  running  train.  Assuming  that  40  trains 
would  be  running,  it  would  require  $40  000  for  line  construction. 

(e)  The  cost  of  this  overhead  system  could  not  be  determined 
until  line  has  been  laid  out,  as  the  extra  service  would  call  for  special 
line  material,  the  style  of  which  could  only  be  determined  by  taking 
into  consideration  all  of  the  conditions  to  be  met. 

Question  25. — If  the  overhead  trolley  system  is  used,  what  is  the 
best  method  for  supporting  wire,  and  how  far  should  the  siipports  be 
apart? 
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Answers. — (a)  The  best. method  of  supporting  the  wires  in  this 
particular  case  is  by  bracket  susi^ension,  and  jjoles  should  be  not  more 
than  125  ft.  apart. 

(6)  As  before  stated,  we  would  advise  wooden  poles,  with  side 
brackets,  extending  over  the  side  of  each  track,  placed  about  100  ft. 
apart. 

(c)  With  overhead  trolley  system,  the  best  method  of  supporting 
wires  is  by  posts  set  midAvay  between  the  two  lines  of  rails,  these  posts 
being  provided  with  iron  bracket  arms,  extending  18  or  20  ins.  on  each 
side  of  the  posts,  trolley  wire  to  be  supported  by  proper  clamps  from 
the  extremities  of  the  bracket  arms.  Poles  should  be  fifty  to  the  mile, 
which  would  bring  them  about  100  ft.  apart. 

{d)  Wooden  poles  100  ft.  apart  placed  between  the  two  tracks, 
with  a  cross-bar  reaching  out  each  way  to  the  center  of  each  track, 
from  the  ends  of  which  arms  the  trolley  wires  are  supported  from  in- 
sulators, would  be  the  preferable  method  of  construction. 

(e)  For  the  overhead  trolley  system  we  would  recommend  the 
center-pole  construction  as  being  the  best  for  the  system  under  con- 
sideration. 

Question  26. — (1)  What  size  should  trolley  wires  be  ?  (2)  What 
size  should  feed  wires  be,  and  what  distance  apart  should  they  feed 
into  the  trolley  wire  ?  (3)  Give  probable  cost  of  repairs  and  main- 
tenance of  three  systems. 

Ansive7'.<t.  —  [a]   (1)  The  trolley  wires  will  be  No.  00. 

(2)  The  size  of  the  feed  wires  to  be  determined  after  a  more  com- 
plete examination  of  the  nature  of  the  ground,  and  they  shoiild  feed 
in  the  trolley  wire  J  mile  apart. 

(3)  The  overhead  trolley  system  will  require  practically  no  outlay 
for  repairs,  if  put  up  projjerly. 

{b)  (1)  Trolley  wires  should  be  No.  00  or  No.  000,  B.  &  S.  gauge. 

(2)  There  would  be  a  number  of  insulated  feed  wires  not  exceed- 
ing No.  0000  in  size.  They  should  feed  into  the  trolley  wire  at  inter- 
vals of  not  over  500  ft. 

(3)  The  overhead  system  should  be  maintained  at  a  cost  for  labor 
and  material  of  less  than  5%  of  the  original  cost  per  year. 

(c)  (1)  Trolley  wire  should  be  i  in.  in  diameter  of  hard-drawn 
copper. 

(2)  Parallel  conductors  connected  to  the  trolley  wires  at  every 
post,  in  circuit  with  the  trolley  wires,  would  be  emialoyed,  these  con- 
ductors varying  in  capacity,  according  to  the  current  to  be  conveyed. 

(3)  The  cost  to  maintain  and  keep  in  repair  the  system  of  overhead 
wires  and  poles  would  not  be  very  heavy.  If  properly  constructed  in 
the  first  place,  the  annual  expenditure  for  maintenance  would  be  a 
smaller  percentage  of  the  cost  than  that  of  maintaining  a  single  line  of 
track  on  the  railroad. 
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(rf)  No.  00  wires  should  be  used  for  trolley  wires  and  about  60  000 
ft.  of  No.  0000  wires  for  feeders.  Tliey  should  feed  in  at  sections 
corresponding  with  the  signal  blocks  and  should  be  controlled  by 
switches  at  the  central  station  and  also  at  the  line,  so  that  the  cur- 
rent could  be  cut  off  from  any  part  of  the  line  either  automatically 
by  the  block  signal  or  at  the  will  of  the  officials  of  the  road.  To  repair 
this  overhead  system  would  require  a  gang  of  five  men;  one  at  $2  50 
per  day,  and  four  at  ^1  75,  making  a  total  of  f9  50  for  wages,  and  $1 
for  supplies  per  day,  making  a  total  of  !$10  50  per  day  for  maintenance 
of  line. 

(e)  The  size  and  style  of  trolley  wire  will  have  to  be  determined 
after  plant  is  laid  out.  It  is  probable  that  sjjecial  means  for  making 
the  trolley  contact  would  have  to  be  provided.  Feed  wires  *  *  * 
should  feed  into  the  trolley  wire  about  every  500  ft.  This  distance, 
however,  will  have  to  be  determined  with  reference  to  the  size  and 
style  of  trolley  conductor  finally  determined  upon.  We  are  unable  to 
give  cost  of  repairs  on  such  an  overhead  system  until  all  the  details 
have  been  worked  out.  If  i^roperly  put  in,  it  should  not  exceed  3% 
of  the  first  cost. 

Question  21. — What  percentage  of  extra  equipment  Avill  be  needed 
to  provide  for  repairs? 

Answers. — (a)  We  would  advise  that  lO^o  of  the  regulating  de- 
vices for  the  motors,  armatures,  field  coils,  commutators,  brush  hold- 
ers, gears  and  trolleys  and  bearings  be  kept  in  stock  for  repairs. 

(6)  You  would  need  about  1h%  in  the  power  station  to  pro\'ide 
for  repairs  and  contingencies  of  traffic,  and  you  should  provide  about 
Vi%  reserve  of  car  equij^ment  for  repairs  only. 

(c)  Ten  per  cent,  extra  equipment  would  be  sufficient  to  provide 
for  repairs. 

{d)  There  should  be  allowed  an  extra  equipment  of  motors  of 
10%'  of  the  whole  number,  and  it  would  be  necessary  to  keep  in  stock 
about  ^2  000  worth  of  duplicate  suijjilies  in  the  shape  of  gears,  brasses, 
armatures,  etc. 

(e)  About  15%  extra  equipment  will  be  required  to  jsrovide  for 
repairs.  The  percentage  of  extra  equipment  depends  very  largely 
upon  the  superintendence  and  care  given  the  motor  cars. 

Question  28. — What  will  be  necessary  in  the  Avay  of  rejjair  shop, 
plant  and  forces  to  repair  motors  ? 

Answers. — [a)  A  small  repair  shop,  with  the  following  tools  will 
be  required:  One  hydraulic  wheel  press  for  pressing  wheels  on  end  of 
the  axles;  one  engine  lathe  large  enough  to  take  in  armature  axle  for 
turning  down  commutator  and  for  repairing  armatures  in  general;  four 
winding  lathes  for  winding  armatures,  and  one  lathe  for  winding  field 
coils,  in  case  you  decide  to  wind  your  own  coils;  one  small  engine 
lathe  for  making  minor  repairs  to  regulating  devices  and  a  few  vises 
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for  bench  work.  The  repair  shop  should  also  have  the  necessary  sold- 
ering tools  for  repair  work.  One  complete  blacksmith  shop  outfit,  one 
line  wagon  and  line  tools,  blocks,  tackle,  etc.  Total  number  of  men 
in  repair  shop,  about  six. 

(b)  If  yoiT  adopt  gearless  motors  and  slow-speed  generators  with 
ring  armatures,  you  will  need  a  small  machine  shop,  covering  an  area 
of  perhaps  50  x  30  ft. ,  equipped  with  a  few  lathes,  two  or  three  planers, 
a  radia]  drill,  etc.  Your  force  would  consist  of  a  half-dozen  winders, 
who  need  not  be  skilled  workmen,  four  or  five  good  mechanics  and  a 
foreman.  Your  stock  would  consist  of  brasses.  Babbitt  metal,  com- 
mutators and  commiitator  bars,  and  three  or  four  sizes  of  cojaper  wire. 
The  above  is  on  the  supposition  that  the  heavy  machine  repaii-s  on  en- 
gines, etc.,  will  be  done  in  your  locomotive  repair  shops,  and  repairs 
on  car  bodies  and  trucks  in  your  car  shops. 

(c)  The  repair  shop  will  call  for  an  outlay  in  tools  and  employ- 
ment of  forces  of  no  more  than  that  necessary  for  a  steam  equipment 
of  the  same  capacity.  It  is  jirobable  that  this  item  of  expense  will 
fall  considerably  below  that  of  a  steam  plant  in  the  course  of  several 
years'  operation,  but  for  a  year  or  two  it  will  be  safe  to  place  the  two 
systems  on  a  level  in  this  particular. 

{(l)  A  machine  shop  for  ten  mechanics,  with  ten  lathes,  one  drill 
and  one  blacksmith's  equipment,  would  be  necessary  to  keep  the 
motors  in  repair.  There  will  also  be  room  for  a  car  repair  shop  for 
ten  motor  cars.     This  will  require  a  space  of  about  70  x  200  ft. 

(e)  The  tools  required  for  repair  shop  will  be  about  as  follows: 
One  30-in.  lathe,  one  meditam-size  drill  press,  one  press  for  pressing 
commutators  off  and  on,  one  gear  cutter,  one  milling  machine,  one 
complete  blacksmith  shop,  one  forge. 

The  necessary  help  would  be  about  ten  men,  at  ^2  per  day,  and 
this  repair  shop  could  be  looked  after  by  the  superintendent  of  the 
line,  assisted  by  the  chief  electrician. 

Question  29. — In  considering  the  q^^estion  of  the  advisability  of  run- 
ning more  cars  of  less  weight  and  capacity,  is  it  desirable  to  construct 
a  separate  electric  locomotive  carrying  no  passengers,  or  a  sej^arate 
motor  room  in  each  end  of  the  car,  with  a  limited  passenger  capacity 
between  the  two  motors,  for  the  jjurpose  of  having  larger  drive  wheels  ? 
Or  would  you  recommend  the  present  style  of  motor  ?  Give  prices 
of  the  three  different  kinds  of  motors. 

Answers. — {a)  In  our  opinion,  it  is  desirable  to  construct  separate 
locomotives  carrying  no  passengers.  These  locomotives  to  be  equipped 
with  two  motors  each.     Diameter  of  driving  wheels  to  be  42  ins. 

{b)  As  before  stated,  it  would  not  be  difiicult  to  build  a  motor 
car  of  the  type  specified  to  handle  three  instead  of  two  double-truck 
trail  cars,  all  heavily  loaded.  We  would  not  advise  building  a  separ- 
ate electric  locomotive  which  would  carry  no  passengers,  because  of 
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the  fact  that  the  controlling  mechanism  in  electric  motor  cars  is 
simjile,  and  requires  very  little  room  as  compared  with  that  of  a  steam 
locomotive.  Moreover,  by  making  the  motor  car  carry  passengers, 
the  weight  of  the  latter  is  availal)le  for  traction,  and,  as  this  car 
would  be  a  smoking  car,  it  would  nearly  ahvays  be  well  tilled.  We 
have  already  indicated  the  jn-ice  of  passenger  motor  cars.  The  price 
of  an  electric  locomotive  would  not  be  greatly  different,  but  would  be 
more,  rather  than  less. 

(c)  We  think  that  it  would  not  be  desirable  to  construct  a  separ- 
ate electric  locomotive,  carrying  no  passengers,  but  that  the  motor 
car  should  constitute  one  of  the  three  passenger  cars.  We  think  the 
advantages  lie  in  favor  of  trains  with  three  cai-s,  including  the  motor 
car,  of  medium  weight  and  capacity.  Two  or  three  trains  could  be 
loaded  at  the  same  time,  and,  when  loaded,  could  get  under  way 
promptly.  No  room  would  be  taken  up  in  the  motor  cars  by  the 
motor  mechanism,  and  this  car  body  could  be  the  same  in  construc- 
tion and  capacity  as  those  of  the  trailers. 

{(l)  We  do  not  think  anything  would  be  gained  by  running  more 
cars  of  less  weight  and  cajjacity.  The  trains  could  not  well  be  oper- 
ated nearer  together  than  one  a  minute,  and  four-car  or  tive-car  trains 
could  be  operated  about  as  well  on  this  headway  as  a  two-car  or 
three-car  train.  Should  the  line  be  eventually  used  for  suburban  ser- 
vice, Avith  frequent  stops,  the  number  of  cars  per  train  Avould  have  to 
be  reduced,  probably  to  three,  while  the  central  station  power  would 
remain  the  same.  This  is  to  allow  for  the  greater  power  requii*ed  to 
accelerate  after  the  frequent  stops.  We  would  not  advise  partitioning 
oflF  part  of  the  motor  car,  as  the  whole  of  it  might  be  utilized  for  pas- 
sengers, but  there  Avould  have  to  be  a  vestibule  for  the  driver,  in  case 
the  cars  had  no  platform.  The  wheels  would  be  36  ins.  in  diameter, 
so  that  they  would  not  come  within  the  car  body.  In  regard  to  the 
alternative  of  the  separate  locomotive,  there  is  to  be  said — such  a 
motor  to  do  this  work  would  be  our  16-ton  locomotive  *  *  * 
equipped  with  two  gearless  motors.  The  cost  of  this  would  be  $12  000, 
and  it  would  be  able  to  make  greater  speed  than  the  gear  motor  above 
referred  to — 40  miles  an  hour,  if  necessary.  These  motors  have  not 
yet  been  built,  but  are  now  in  process  of  construction,  and  would 
probably  oiierate  the  road  as  efficiently  as  the  single-reduction  motor. 
The  chief  difficulty  would  be  in  producing  a  new  type  of  motor  in 
time  for  the  World's  Fair,  especially  as  such  a  great  number  of  them 
would  be  required. 

(e)  We  think  that  your  experience  in  handling  jjassengers  should 
enable  you  to  give  a  much  more  accurate  estimate  of  these  questions 
than  we  are  able  to  make.  We  are  in  favor  of  using  motor  cars  instead 
of  electric  locomotives,  since  in  the  case  of  the  motor  cars  the  weight 
of   the   passengers   with   the   heavy   car   necessary  to    carry   them  is 
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available  for  traction.  We  woiild  also  recommend  tlie  present  style 
of  motor. 

Question  30. — How  much  will  it  cost  to  operate  this  system  per 
mile,  per  motor  and  per  car,  and  also  per  passenger  per  mile? 

Ansice7's. — (a)  The  cost  of  operating  forty  30-ton  electric  locomo- 
tives will  be  from  9  to  10  cents  per  mile  jjer  locomotive,  including  all 
labor  and  repairs. 

(b)  You  can  operate  at  about  12^  cents  per  car-mile,  or  35  cents 
per  train-mile.  If  the  traffic  to  the  World's  Fair  is  as  great  as  is  an- 
ticipated, you  can  undoubtedly  operate  at  from  2  to  2i  cents  per  pas- 
senger. We  shall  be  pleased  to  give  detailed  and  convincing  estimates 
of  the  cost  of  operation,  if  desired,  and  at  the  proper  time. 

(c)  To  figure  the  cost  per  mile  per  motor  and  per  car  and  also  per 
passenger  per  mile  would  involve  a  considerable  amount  of  calcula- 
tion.    We  will  make  this  calculation  later  and  submit  it  when  made. 

(d)  Answered  in  No.  21. 

(e)  W^e  are  unable  to  give  an  acciirate  answer  to  this  question  at  this 
time.  Various  factors  enter  into  this  that  require  considerable  time  to 
consider. 

Question  31. — Is  there  any  electric  line  in  operation  similar  to  the 
one  under  consideration? 

Answers. — [n)  There  is  a  similar  line  on  a  smaller  scale  equipped  by 
the  Westinghouse  Company  now  in  operation  at  Sioiix  City,  la.  On 
this  line,  however,  the  motor  car  carries  i^assengers.  The  road  has  ^% 
to  i>%  grades,  with  sharp  curves. 

(b)  Not  precisely,  but,  as  before  stated,  we  are  meeting  conditions 
in  service  of  street  car  work  which  vary  only  in  slight  degree  from 
those  under  consideration. 

(c)  There  is  no  electric  line  in  operation  similar  to  the  one  under 
consideration. 

(a?)  The  line  running  from  Brooklyn  to  Coney  Island  operating 
trains  of  three  cars  at  a  speed  of  15  to  20  miles  per  hour  and  carrying 
250  passengers  per  train  is  the  nearest  approach  to  the  conditions  given 
at  Chicago.  The  West  End  road  in  Boston,  operating  from  300  cars 
over  about  100  miles  of  line,  is  also  a  comparable  instance.  The  West 
End  is  now  building  two  large  stations,  the  larger  of  which  will  have 
a  capacity  of  27  000  H.-P.  They  are  now  operating  on  one  circuit 
about  3  000  H.-P. 

(e)  We  are  not  familiar  with  any  electric  line  that  is  similar  to  the 
one  under  construction. 

Question  52.— What  is  the  longest  line  now  operated,  and  the 
greatest  number  of  cars  that  are  opei-ated  with  one  motor? 

Answers. — (a)  The  longest  line  now  in  operation  with  one  motor 
car  and  three  trailers  is  in  Sioux  Citv,  la. 
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(b)  One  of  the  longest  lines  now  operated  is  jji-obably  that  be- 
tween St.  Paul  and  Minneapolis,  a  distance  of  about  25  miles;  a  speed 
of  20  to  25  miles  per  hour  is  attained  on  this  road,  we  believe.  One 
of  the  most  severe  conditions  of  operation  that  we  know  of  is  found  at 
Jamestown,  N.  Y.,  whose  street  railway  is  operated  by  our  motors. 
The  motor  ears  have  18-ft.  bodies,  exclusive  of  platforms,  which  are 
vestibuled,  making  a  car  which  weighs,  with  motors,  between  6  and  7 
tons,  withoiit  loads.  These  cars  are  equipped  with  two  15-H.-P. 
double-reduction  motors.  The  summer  traffic  is  very  heavy,  and  the 
motor  cars  draw  in  regular  service  one  trail  car,  both  heavily  loaded, 
over  a  succession  of  grades  reaching  a  maximum  of  10^,(  and  having  a 
number  of  sharp  reverse  curves  therein.  During  the  past  summer 
there  have  been  occasions  when  the  railway  company  has  been  forced 
to  draw  three  trail  cars  with  one  of  these  30-H.-P.  motor  cars,  making 
four  in  all,  over  some  of  the  lighter  grades  of  the  road. 

(c)  There  are  many  lines  of  electric  cars,  8  miles  in  length,  in  opera- 
tion at  present,  and  two  cars  are  frequently  operated  by  a  single 
motor  car. 

(d)  Accompanying  this  paper  is  data  sufficient  to  answer  this  ques- 
tion.    (Answer  31.) 

(e)  The  longest  line  with  which  we  are  familiar  that  is  operated 
from  one  station  is  13  miles  in  length.  We  believe  there  are  longer 
lines,  but  in  general  they  are  operated  from  more  than  one  station. 

Question  33. — Give  capacity  per  hour,  speed  and  time  between 
trains? 

Answers.  —  {a)  See  page  158. 

[b)  We  have  no  information  with  which  to  reply  to  this  question.  - 

(o)  The  electric  lines  now  in  operation  are  ordinary  street  car  lines. 

{(I)  The  greatest  traffic  handled  by  an  electric  road  with  which 
we  are  familiar  is  the  West  End,  which  handles  on  its  electric  cars  as 
many  as  15  000  passengers  jaer  hour.  The  cars  run  on  some  parts  of 
the  line  with  less  than  20  seconds  headway  and  are  often  operated  at 
a  speed  of  18  miles  an  hoxir. 

(e)  A  train  could  be  started  every  minute,  and,  supposing  each  train 
to  carry  336  passengers,  this  would  make  about  20  000  passengers  per 
hour.  To  do  this,  however,  would  necessitate  the  construction  of  three 
platfoi'ms  from  which  passengers  could  enter  cars  at  both  sides  at  the 
same  time.  We  would  suggest  that  the  train  drop  its  passengers  at 
one  platform  and  then  move  forward  to  another  jslatform  where  pas- 
sengers could  enter  cars.  By  having  three  i)latforms  from  which 
trains  would  leave,  it  would  give  three  minutes  for  a  train  to  become 
loaded.  The  speed  on  the  line  could  be  arranged  at  anywhere  be- 
tween 20  to  25  miles  an  hour.  The  time  between  trains  would  be  one 
minute.  It  would  possibly  be  better  to  make  the  road  four  tracks 
wide  with  switches  at  every  half  mile,  so  that  in  case  of  accident  to  a 
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train  the  train  following  could  be  switched  on  to  the  other  track  for 
the  same  direction,  and  thus  avoid  delay.  The  road,  of  course,  would 
have  to  be  equipped  with  the  block  system,  or  something  similar,  so 
that  "end  on  "  collisions  would  be  avoided. 

Question  34. — Is  it  possible  and  practicable  to  carry  from  20  000 
to  30  000  passengers  per  hour  with  electric  power  under  the  conditions 
named? 

Answers. — ('/)  There  is  not  the  slightest  doubt  but  that  20  000  to 
30  000  passengers  can  be  carried  from  the  Lake  Front  Park,  in  the  city 
of  Chicago,  to  the  Columbian  Exposition  by  electric  power  under  the 
above  conditions. 

[h]  Yes,  without  question. 

(c)  We  think  it  possible  and  practicable  to  carry  20  000  passengers 
per  hour,  or  more,  from  Lake  Street  to  Jackson  Park  by  electi'ic  power 
under  the  conditions  named.  First-class  terminal  facilities  would  need 
to  be  provided  in  order  to  reach  the  above  figure. 

[d)  It  is  quite  possible  and  practicable  to  carry  20  000  and,  prob- 
ably, 30  000  passengers  per  hour  with  the  electric  motors  under  the 
conditions  named. 

(e)  The  statements  made  in  Answer  33  apply  as  well  in  this. 

Question  35. — Is  it  possible  and  practicable  to  equijj  and  install 
this  plant,  ready  for  full  and  complete  operation,  by  March  1st,  1893? 

Answers.  —  {a)  It  is  jjossible  and  practicable  to  equij)  and  install 
this  plant,  ready  for  full  and  complete  operation,  by  March  1st,  1893. 

[b)  Yes.  We  could  install  three  such  jjlants  with  our  present  fac- 
tory facilities. 

(c)  We  consider  it  possible  and  practicable  to  equip  and  install 
this  plant,  ready  for  full  and  complete  operation,  by  March  1st,  1893. 

((/)  It  is  quite  possible  and  practicable  to  have  the  plant  in  opera- 
tion by  March  1st,  1893,  especially  if  standard  motors  are  used  and  the 
<:-ontract  given  before  April  1st,  1892. 

(e)  We  think  it  possible  and  practical  to  supply  the  apparatus  for 
this  plant,  ready  for  full  and  complete  ojieration,  by  March  1st, 
1893. 

Question  36. — How  soon  will  it  be  necessary  to  award  the  contract 
for  the  above  plant  in  order  to  have  the  line  ready  for  operation  by 
March  1st,  1893? 

Ansioers. — (a)  It  will  be  necessary  to  award  the  contract  for  the 
above  plant  on  or  before  March  1st,  1892,  in  order  to  have  it  in  operation 
by  March  1st,  1893. 

(6)  The  contract  should  be  placed  by  March  1st,  1892,  in  order  to 
be  certain  of  completion  at  the  specific  time. 

(c)  In  order  to  complete  this  plant  by  March  1st,  1893,  contracts 
for  the  principal  portions  of  the  work  should  be  made  very  soon. 

{d)  Before  April  1st,  1892. 
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(e)  It  would  be  uecessary  to  award  the  contract  at  the  earliest 
possible  date,  not  later  than  March  1st,  1892,  sirjee  the  apparatus 
should  be  put  in  operation  by  installments,  and  the  various  officers 
become  familiar  with  their  duties  before  the  system  is  worked  to  its 
full  capacity. 

Question  37. — Would  your  company  guarantee,  on  your  own  speci- 
fications and  at  an  agreed  price,  the  successful  installation  and  opera- 
tion of  this  plant  by  March  1st,  1893,  with  guaranteed  caj)acity  of 
20  000  i^eople  per  hour  in  one  direction?  (It  is  understood  that  when- 
ever the  capacity  of  20  000  people  per  hour  is  mentioned,  it  is  in  one 
direction.) 

Answers. — {>i)  Yes;  provided  you  make  the  necessary  arrangements 
to  load  the  passengers  on  and  off  the  cars. 

(h)  We  woitld  make  such  a  guarantee  imder  heavy  penalties  of 
non-fultilment. 

((•)  In  our  oijinion,  the  units  above  indicated,  that  is,  an  engine, 
with  boilers  and  generator  and  one  train  of  cars,  could  be  placed  in 
operation  by  June  1st,  this  year.  This  train  could  be  operated  over  a 
sufficient  length  of  your  track  to  fully  determine  all  questions  of  speed, 
power  and  capacity.  Our  company  would  probably  be  willing  to 
undertake  the  construction  of  the  electrical  apparatus  required  within 
the  time  specified,  conditioned  on  the  approval  of  the  operation  of  the 
single  train,  above  mentioned,  at  as  early  a  date  as  practicable.  Our 
preference  would  be  not  to  have  the  responsibility  of  the  contract  for 
the  steam  plant,  nor  for  the  erection  of  the  conducting  wires;  there  are 
parties  who  make  this  line  of  work  specialties,  and  if  we  were  called 
upon  to  assume  the  whole  contract,  we  should  emjiloy  siich  parties  to 
do  such  portions  of  the  work. 

id)   Yes. 

(«)  No  answer. 

Question  38. — Do  you  recommend  horizontal  or  upright  engines? 

Answers. — yti)  We  recommend  engines  of  the  Corliss  type. 

(6)  With  more  time  in  which  to  act  we  would  probably  be  wiJling 
to  recommend  vertical  engines,  but  they  have  not  yet  stood  the  test  of 
as  long  experience  as  have  horizontal  engines,  and,  as  it  is  most  im- 
portant that  experimental  work  be  avoided,  we  recommend  horizontal 
Corliss  engines,  as  stated  above. 

(c)  Our  preference  would  be  for  horizonal  engines. 

(d)  No  answer. 

(e)  We  woiild  recommend  vertical  engines,  as  before  stated. 
Question   39. — -What  is  the   best  form  of   connection  between   en- 
gines and  generators,  belt  or  countershaft? 

Answers. — (a)  In  our  ojiinion,  the  best  forms  of  connection  be- 
tween the  engine  and  dynamo  are  ropes  or  belts,  doing  away  with  all 
countershafting. 
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{b)  Both  should  be  avoided  and  direct  connection  made  between 
the  dynamos  and  engines.  In  the  latest  and  most  improved  engineer- 
ing practice  very  slow-speed  dynamos  have  been  developed,  coi're- 
sponding  to  the  speed  of  the  engine  used.  If  it  is  necessary  to  use 
transmission  by  either  belt  or  countershaft,  belts  should  be  employed 
without  question.  Countershafts  should  be  avoided  under  all  cir- 
cumstances. 

(c)  Our  preference  would  be  for  direct  connection  between  the 
engine  and  generator,  not  using  either  belt  or  countershaft. 

{d)  No  answer. 

{e)  We  would  recommend  direct-driven  dynamos  without  belt  or 
countershaft. 

Question  40. — Are  high  or  low  speeds  preferable,  and  about  how 
many  revolutions  per  minute? 

Answers. — [a)  Low  speeds  are  preferable — 300  revolutions  per 
minute. 

{b)  Low  speeds — about  100  revolutions  per  minute. 

(c)  Our  preference  would  be  for  a  medium  speed,  say  90  to  100 
revolutions  per  minute. 

id)  No  answer. 

(e)  We  would  consider  moderately  high-sjjeed  engines  preferable. 
In  the  engines  before  mentioned  the  si:)eed  would  be  100  revolutions 
per  minute,  with  a  piston  speed  of  600  ft.  per  miniite. 

Question  41. — What  is  the  proper  size  of  wheels  for  motors  and 
for  trailers? 

Ansicers. — (a)  The  proper  size  of  Avheel  for  the  locomotive  is  42 
ins. ,  and  for  the  trailers  the  same  as  now  on  the  suburban  cars — 33  ins. 
diameter. 

[b)  For  motor  cars,  12-in.  wheels;  for  trail  cars,  bogie  trucks, 
36-in.  wheels. 

(c)  We  should  say  that  the  size  of  the  car  wheels  on  motors  and 
trailers  should  be  about  30  ins.  diameter. 

{d)  No  answer. 

(e)  We  would  recommend  for  the  jDroper  size  of  wheels  48  ins.  for 
motor  cai's  and  trailers. 

Question  42. — What  will  be  the  percentage  of  loss  in  power  between 
the  steam  engine  and  the  motor  ? 

Attswers. — (a)  The  efficiency  of  the  system  Avill  be  as  follows: 
Efficiency  of  engine,  85^0 ;  efficiency  of  dynamos,  94%;  efficiency  of 
line,  80%;  efficiency  of  motors,  90  per  cent. 

(b)  Between  the  cylinder  of  the  engine  and  the  pulley  of  the 
dynamo  there  will  be  a  loss  from  engine  friction  of  about  15  to  20  per 
cent.  There  will  be  a  total  loss  in  the  dynamo  of  about  6%  in  a  500- 
H.-P.  generator,  and  an  average  loss  between  the  station  and  the  motors 
of  about  15  per  cent.     There  will  be  an  average  loss  of  about  20%  in 
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tlie  motors.     The  general  efficdeucy  of  tlie  system  will,  therefore,  he 
slightly  over  50  per  cent. 

(c)  The  i^ercentage  of  loss  in  power  between  the  steam  engine  and 
motor  will  be  about  25%,  to  which  must  be  added  the  loss  in  the  motor 
itself  of  about  15  per  cent.  The  total  loss  of  energy  between  the  shaft 
of  the  engine  and  the  rails  will  probably  approximate  50  per  cent. 

(d)  No  answer. 

(e)  The  approximate  loss  between  the  steam  engine  and  motor 
would  be  about  15  per  cent.  This  is  about  equally  divided  between 
the  dynamos  and  line. 

Question  43. — What  is  the  lowest  practicable  radius  for  curves  in 
terminal  loops  ? 

Answers.  —  (o)  The  curves  on  the  terminal  loop  should  not  be  less 
than  100  ft.  radius. 

(b)  There  will  be  power  in  the  motors  sufficient  to  carry  a  three- 
car  train  around  a  50-ft.  circle,  and  there  will  be  no  mechanical  diffi- 
culties in  the  way.  It  is,  of  course,  desirable  to  have  a  much  larger 
circle,  up  to  200  or  300  ft. 

(c)  We  think  the  radius  of  curves  in  the  terminal  loops  should  not 
be  less  than  100  ft.,  and,  of  course,  it  would  be  better  to  have  the 
curves  of  a  still  greater  radius  than  that. 

(d)  No  answer. 

(e)  We  think  your  experience  would  be  a  surer  guide  as  to  the 
best  practice  in  the  matter  of  curves,  but  would  suggest,  however, 
that  the  curves  be  not  less  than  150  ft.  in  radius. 

Question-  44. — What  radius  of  curvature  on  the  loops,  on  the 
supposition  that  the  trains  will  be  empty  in  going  around  the  loops, 
and  run  at  a  speed  of  about  5  miles  an  hour,  will  make  the  resistance 
on  the  loops  equivalent  to  a  speed  of  about  20  miles  an  hour  on  the 
straight  portion  of  the  line  ? 

Answers. — [a)  Curves  with  a  radius  of  about  100  ft. 

(b)  No  answer. 

(c)  We  have  no  sufficient  data  for  estimating  what  curvature  on 
the  loops  would  make  the  resistance  on  the  loops  equivalent  to  a  speed 
of  20  miles  an  hour  on  the  straight  portion  of  the  line. 

(d)  No  answer. 

(e)  The  answer  to  this  question  depends  upon  such  a  number  of 
variables  that  we  are  unable  to  give  an  accurate  answer.  Under  ordi- 
nary conditions  of  road  this  varies  considerably  with  the  speed  the  train 
had  when  it  took  the  curve,  and  the  rate  of  acceleration  on  the  curve. 

Question  45. — Can  air  be  applied  to  closing  and  opening  side  car 
doors  on  passenger  trains? 

Answers. — (a)  No  answer. 

[b)  Yes,  if  desired,  but,  as  before  stated,  we  would  strongly  advise 
end  entrances  for  this  class  of  travel. 


164      WALLACE  ON"  ELECTRICITY  i'OR  SUBURBAN  TRAFFIC. 

(c)  We  do  not  feel  qualified,  without  taking  further  time  for  in- 
vestigation, to  pass  on  the  question  as  to  the  best  method  of  opening 
and  closing  the  side  ear  doors  on  passenger  trains.  We  know  of  no 
reason,  however,  why  air  could  not  be  applied  to  the  opening  and  clos- 
ing of  these  doors. 

(d)  No  answer. 

(e)  Air  may  be  readily  apjilied  to  open  and  close  the  side  doors 
of  passenger  trains,  but  we  would  consider  this  would  be  objectionable 
in  trains  moving  at  such  a  high  rate  of  speed,  as  passengers  would 
hardly  become  seated  before  the  train  left  the  station,  and  with  an 
automatic  arrangement  of  this  kind  there  would,  no  doubt,  be  con- 
siderable injury  to  the  i^assengers  from  the  doors  catching  their  cloth- 
ing and  limbs. 

In  addition  the  author  personally  visited  the  works  of  various  elec- 
tric manufacturing  companies  in  the  United  States,  and  also  discussed 
at  length  the  different  phases  of  the  problem  with  electric  and 
mechanical  experts.  The  answers  to  the  preceding  questions  were 
furnished  after  careful  and  mature  deliberation  on  the  part  of  the 
electric  companies. 

In  order  to  illustrate  the  situation  as  to  track  arrangements.  Fig.  1 
shows  the  lay-out  of  the  tracks  used  exclusively  by  the  Illinois  Central 
Railroad  for  its  suburban  service,  with  its  different  suburban  stations. 
The  two  heavy  black  lines  on  the  left  of  the  diagram  indicate  the  two 
tracks  set  apart  for  the  exclusive  World's  Fair  business,  and  the  re- 
maining heavy  lines  show  the  tracks  devoted  to  the  regular  suburban 
service. 

In  regard  to  the  practicability  of  handling  a  large  number  of  peojjle 
by  electric  power  betAveen  the  site  of  the  Exposition  and  Van  Buren 
Street,  in  the  city  of  Chicago,  the  author  was  satisfied  it  was  both  pos- 
sible and  practicable  to  handle  as  large  a  number  as  20  000  jjersons  per 
hour  between  the  points  mentioned  by  electric  power.  He  was  also 
satisfied  that  it  was  possible  and  practicable  to  handle  the  entire  sub- 
urban business  of  the  Illinois  Central  Railroad  between  Randoljjh 
Street  and  Homewood,  South  Chicago  and  Blue  Island  by  electric 
motive  power. 

While  it  would  seem  in  a  general  way  to  be  self-evident  that  it 
would  be  more  economical  to  generate  power  at  a  central  station  and 
transmit  it  to  motors  by  electricity,  than  to  maintain  and  ojierate  sep- 
arate and  distinct  steam  plants  (locomotives)  to  propel  each  individual 
transportation  unit,  the  practical  results  so  far  obtained  from  a  com- 
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Fig.  1. 
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pariaon  of  the  cost  of  operating  steam  power  as  applied  to  steam  rail- 
roads, and  the  use  of  electric  power  as  applied  to  street  car  lines,  does 
not  bear  out  the  theory.  This,  however,  may  l)e  partially  accounted 
for  as  follows: 

In  the  application  of  electricity  as  a  motive  power,  which  has  only 
heen  in  use  for  a  few  years,  and  then  only  to  operate  street  car  lines, 
the  engineers  giving  this  matter  their  attention  have  been  en- 
thusiastic electricians;  they  have  seldom  been  practical  or  expert 
mechanics. 

Electricity  as  a  motive  power  has  only  been  used  under  the  most 
unfavorable  conditions,  to  operate  street  car  lines  with  crude  motors, 
poor  track  complicated  Avith  sharp  curvature,  steep  grades  and  oper- 
ated by  comparatively  inexjoerienced  and  inefficient  men,  mule-drivers 
having  frequently  been  converted  into  electric  motormen. 

In  considering  the  jjresent  problem,  however,  the  application 
Avould  be  made  on  first-class  standard  gauge  track,  with  practically 
no  grade  and  very  slight  curvature,  except  at  terminal  points;  stojjs 
would  be  infrequent,  the  most  improved  motors  would  be  used  and 
jjlaced  in  charge  of  intelligent  and  disciplined  men,  rendering  the 
conditions  under  which  the  electric  power  would  be  used  the  most 
favorable  that  have  ever  existed.  There  was,  at  the  date  of  this  ex- 
amination, no  electric  line  operated  under  such  favorable  conditions 
with  which  comparisons  could  be  made,  consequently  no  estimate  of 
the  cost  of  operating  an  electric  system  under  these  conditions  could 
be  made  more  than  approximately.  In  the  then  existing  electric 
street  railway  practice  operating  expenses  amounted  to  2  to  3|-  cents 
per  passenger  carried.  This  was  a  very  favorable  showing,  however, 
considering  the  unfavorable  conditions — the  use  of  geared  motors, 
bad  roadbed,  inefficient  management,  and  the  fact  that  all  street 
railway  lines  ran  large  numbers  of  cars  containing  but  few  passen- 
gers, some  of  the  larger  systems  having  non-paying  branches  upon 
which  traffic  was  very  light,  which  had  a  tendency  to  increase  the  cost 
per  passenger. 

There  were  also  several  considerations  in  favor  of  the  adoption  of 
electric  power  which  could  not  be  reduced  to  dollars  and  cents,  viz. : 

First. — The  ability  to  run  more  transportation  units  in  the  sub- 
urban service  at  less  expense  per  unit,  than  by  the  use  of  steam, 
thereby  changing  the  present    steam    suburban    service  from  a  time 
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cartl  to  a  street  car  basis,  doiug  away  with  the  necessity  of  passengers 
waiting  for  schedule  trains  and  thereby  building  np  and  increasing 
the  suburban  service. 

Second. — The  advantage  of  not  being  required  to  stop  for  coal  and 
water. 

Third. — The  absence  of  smoke  and  dirt. 

Fourth. — The  possibility  of  the  road  being  required  to  use  anthra- 
cite coal  for  engines  inside  the  city  limits  of  Chicago,  increasing  the 
cost  of  fuel  at  least  five-fold  and  largely  adding  to  the  cost  of  steam 
service,  which  would  of  course  have  a  tendency  to  render  the  use  of 
electricity  economical. 

Analyzing  the  figures  obtained  from  the  electric  comisanies,  it  was 
estimated  that  the  necessary  plant  and  equii^ment  for  ojjerating  ex- 
press trains  between  the  city  and  the  Exposition  grounds  would  cost 
$1  200  000,  divided  approximately  as  follows: 

Power  plant )i?600  000 

Wiring  and  line  plant 325  000 

Motors   in    service,    extra   motors    and    motor 

parts 260  000 

Repair  shop    for  motors,   with  necessai'y   ma- 
chinery and  api^liances 15  000 

$1  200  000 

The  annual  cost  of  operation  was  estimated  as  follows  : 

Interest  on  plant  at  5  "^ .1^60  000 

Operating  power  plant 85  000 

Operation  and  repairs  of  motors 101  700 

Maintenance  of  line  and  wire  svstem 10  000 


$256  700 


These  estimates  were  based  upon  furnishing  electric  transportation 
service  for  the  express  trains  between  the  city  and  the  Exposition  dur- 
ing the  Fair  period,  operating  the  regular  si;burban  service  during 
the  same  period  by  steam,  and  at  the  close  of  the  Exposition  extending 
the  application  of  electric  power  to  the  entire  suburban  system.  The 
foregoing  estimate  would  furnish  the  same  maximum  caiiacity  per 
hour  as  the  existing  service. 
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Comparing  the  estimated  annual  expense  of  the  electric  applica- 
tion with  the  actual  cost  of  the  steam  service  for  the  year  ending  June 
30th,  1891,  shows  the  former  to  be  $144  200  in  excess  of  steam  for  mo- 
tive power  alone.  While  it  is  true  that  trains  could  be  run  at  more 
frequent  intervals  at  the  same  cost,  there  would,  of  course,  be  some  ad- 
ditional expense  for  an  increased  number  of  trainmen,  etc. ;  still  the 
electric  application  would  give  an  increased  capacity  during  a  part  of 
the  day,  which  might  stimulate  and  add  to  the  suburban  business. 
In  order  to  justify  the  extra  outlay,  however,  there  would  have  to  be 
an  increase  in  the  suburban  business  over  the  year  ending  June  30th, 
1891,  of  approximately  25  per  cent.  This  would  be  necessary  to  offset 
the  extra  cost  of  making  the  electrical  application. 

In  considering  the  question  of  steam  versus  electricity  for  the  busi- 
ness due  to  the  Exposition,  it  was  found  that  it  would  be  much  more 
economical  to  use  steam  jsower  for  this  sei'vice,  and  that  the  equip- 
ment necessary  for  it  could  afterwards  be  used  for  other  purposes. 
It  was  deemed  that  it  would  be  advisable,  particularly  during  the 
busy  hours  of  the  morning  and  evening,  to  run  large  units  of  trans- 
portation, as  the  time  consumed  in  loading  and  unloading  a  train 
would  be  the  same  regardless  of  the  length  of  the  train,  diie  to  the 
system  which  had  been  decided  upon  of  loading  and  unloading  trains 
to  and  from  high  platforms  directly  into  and  out  of  the  sides  of  the 
cars,  and  which  afterwards  jjroved  so  successful ;  and  that  it  would 
be  safer  and  more  economical  to  carry  a  great  number  of  people  on 
heavier  trains  and  run  them  greater  distances  apart,  rather  than  have 
a  large  number  of  smaller  trains  running  at  short  intervals  of  time. 
No  difficulty  was  apprehended  in  running  trains  of  ten  or  twelve  ears 
each,  with  a  capacity  of  1  000  jjassengers  jaer  train,  at  intervals  of 
three  minutes,  which  would  give  a  capacity  of  20  000  passengers  per 
hour.  The  history  of  the  Exposition  more  than  bore  out  this  theory, 
as  on  one  night  during  the  hour  of  heaviest  travel,  45  trains  were  dis- 
patched from  the  Terminal  Station  in  the  Exposition  ground,  carrying 
from  1  000  to  1  200  persons  each.  This  was  the  maximum  number  of 
jjassengers  carried  in  the  shortest  i^eriod  of  time,  and  more  than  ex- 
ceeded previous  expectations. 

A  factor  also  in  this  connection  was  the  fact  that  it  would  require 
from  45  minutes  to  one  hour  to  make  the  trip  from  the  Exposition  to 
the  heart  of  the  city  by  the  existing  cable  lines,  and  at  least  30  minutes 
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by  the  elevated  road ;  that  if  electric  power  was  used  on  the  Illinois 
Central,  the  tracks  would  be  occupied  by  such  a  large  number  of 
small  units  of  transijortation  that  it  would  not  be  feasible  to  run  them 
at  the  si^eed  which  would  be  i)ossible  in  the  handling  of  large  units  of 
transiJortatiou  by  steam  at  less  frecjuent  intervals;  and  that  it  would 
be  possible  to  handle  trains  between  the  heart  of  the  city  and  the  Ex- 
position grounds  by  steam  in  less  than  20  miniates,  which  would  have 
a  tendency  to  increase  the  patronage  of  the  Illinois  Central  line.  Ex- 
perience afterwards  proved  the  correctness  of  this  view,  as  the  aver- 
age time  of  the  exjjress  trains  between  Van  Buren  Street  and  the 
Midway  Plaisance  was  approximately  12  minutes. 

It  was  therefore  decided  that  while  the  application  of  electricity  as 
a  motive  power  might  be  jiracticable,  it  would  not  be  the  economical 
thing  to  do,  and  that  it  was  specially  undesirable  in  providing  for  the 
large  business  contemplated  during  the  holding  of  the  Exposition  to 
introdiice  any  elements  of  uncertainty.  The  resiilts  which  could  be 
obtained  by  the  use  of  steam  jjower  were  known  and  definite,  both  as 
to  economy,  efficiency  and  speed,  and  it  was  not  considered  advisable 
or  economical  to  adopt  electric  }iower  for  this  service. 

Deciding  the  second  proposition  in  the  negative  rendered  it  unne- 
cessary to  consider  at  any  length  the  question  of  apjiliances  except 
incidentally  in  determining  the  question  of  the  economy  of  electrical 
application. 

It  was  considered  by  the  author  at  that  time,  that,  as  the  use  of 
electric  power  was  raj)idly  advancing,  results  would  be  obtained  in  the 
near  future  which  would  render  its  adoption  practicable  and  econom- 
ical, particularly  for  terminal  and  suburban  lines. 

At  the  time  of  this  investigation,  live  years  ago,  while  success 
had  been  obtained  in  the  adaptation  of  electricity  to  street  railway 
systems  and  small  units  of  transportation  over  short  distances,  its  ap- 
plication to  the  larger  requirements  of  terminal  and  suburban  service, 
which  had  heretofore  been  performed  by  steam  power,  was  yet  experi- 
mental. The  requirements  of  the  Illinois  Central  service  were 
approximately  ten  times  in  excess  of  the  then  existing  practice,  and 
the  adoption  of  electric  power  for  Illinois  Central  business,  either  for 
World's  Fair  or  the  regular  suburban  traffic,  would  have  been  largely 
experimental  and  the  estimates  of  the  cost  of  maintenance  and  opera- 
tion only  approximate. 
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In  discussing  verbally  the  question  of  appliances,  mucli  stress  was 
laid  by  tlie  representatives  of  the  various  electric  companies  upon  the 
speedy  adoption  of  what  is  known  as  the  gearless  motor;  and  while 
they  expressed  every  confidence  in  the  gearless  motors  which  they 
Avere  mamifacturing  and  had  in  process  of  perfecting,  the  written  pro- 
positions of  some  of  the  companies  contemplated  the  use  of  single- 
reduction  motors. 

The  statements  of  the  various  electric  companies  differed  largely  as 
to  the  expense  of  the  ai>plication  of  electric  power.  For  the  same 
capacity  their  figures  varied  from  ^375  000  to  ^1  200  000.  Their 
opinions  of  the  amount  of  horse -jjower  needed  ranged  from  5  000  to 
18  000  H.-P.  The  differences  in  the  estimated  cost  of  operating  the 
power  plant  j^er  day  ran  from  $232  to  if616.  In  their  estimates  of  the 
amount  of  fuel  needed  -per  horse-power  per  hour,  the  variation  is  from 
2  lbs.  to  3j  lbs.  of  coal.  The  figures  on  motors  ranged  from  ^7  500  to 
•flO  500;  and  the  cost  of  operation  and  repairs  of  motors  per  day  from 
.S286  to  $4:30.  There  was  a  variation  in  the  estimates  of  the  cost  of 
trolley  lines  and  feed  wires  of  from  $40  000  to  $172  000,  and  variation 
in  the  estimate  of  repairs  to  same  and  other  line  expenses  from  nothing 
to  $23  50  per  day. 

During  the  five  years  since  this  problem  was  considered,  great 
advances  have,  of  course,  been  made  in  the  ajiplication  of  electric  power, 
and  the  cost  of  apjiliances  has  been  largely  reduced.  More  certain 
and  reliable  data  is  also  doubtless  available  as  to  its  economy  and  the 
rost  of  maintaining  and  operating  electric  power.  A  number  of  steam 
railroad  companies  are  seriously  considering  the  question  of  replacing 
their  locomotive  engines  by  electric  motors  for  suburban  business,  and 
it  seems  that  the  general  question  opens  up  a  wide  field  for  discussion, 
the  results  of  which  should  bring  into  the  Transactions  of  the  Society 
a  large  amount  of  valuable  matter  in  the  line  of  electric  engineering. 

Comparing  the  use  of  steam  and  electricity  as  motive  powers,  as  a 
general  princijjle  it  may  be  stated  that  electricity  is  more  desirable  and 
economical  for  handling  a  large  number  of  small  transportation  units 
at  frequent  intervals  over  short  distances;  whereas,  steam  power  is  more 
desirable  and  economical  for  handling  lai-ge  units  of  transportation  at 
high  speeds,  at  infrequent  intervals  and  over  long  distances.  In 
treating  of  special  applications,  it  may  be  further  said  that  the  increase 
in  the  use  of  electricity  will  grow  along  these  general  lines. 
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Where  the  substitution  of  electricity  for  steam  is  considered,  the 
question  of  the  disijositiou  of  the  abandoned  steam  plants  and  the 
amount  of  money  invested  therein  becomes  a  factor. 

This  matter  of  applying  electric  jjower  to  its  suburban  service  is 
again  under  consideration  \)y  the  Illinois  Central  Railroad.  Fig.  2  is 
a  diagram  showing  the  tracks  now  devoted  exclusively  to  this  service 
in  the  city  of  Chicago.  The  change  from  the  conditions  that  existed 
in  1891  consists  in  the  use  of  the  two  west  tracks  between  Randolph 
Street  and  Grand  Crossing  for  the  local  suburban  business,  trains  be- 
tween these  i^oints  being  so  ojjerated  as  to  give  a  continuous  service 
Avith  trains  20  minutes  apart  during  the  hours  of  light  traffic,  and  from 
5  to  10  minutes  ajjart  during  the  busy  hours  of  morning  and  evening. 
Ordinarily,  these  local  trains  only  run  as  far  south  as  Sixty-third 
Street,  the  suburban  business  from  the  South  Chicago  branch,  the 
Blue  Island  branch,  and  from  the  main  line  at  Homewood,  Harvey, 
Kensington,  etc.,  being  diverted  at  Sixty-seventh  Street  to  two  tracks 
along  the  east  side  of  the  right  of  way,  and  after  making  local  stops  at 
Sixty-third,  Sixtieth,  Fifty-seventh  and  Fifty-third  Streets,  running 
from  there  without  stoj)  to  Van  Buren  and  Randolph  Streets  in  the 
city.  This  forms  what  is  known  as  the  express  suburban  service. 
Trains  run  20  minutes  apart  during  the  day,  and  10  minutes  apart  in 
the  morning  and  evening,  when  the  traffic  is  heaviest.  The  location  of 
these  express  suburban  ti-acks  is  siich  that  they  ai'e  not  cut  by 
facing-point  switches  north  of  Sixty-seventh  Street  except  at  two 
places;  at  one  of  these  a  Wharton  safety  switch  is  used  and  the  other 
is  controlled  and  protected  by  the  interlocking  plant  at  Forty -third 
Street.     No  street  crossings  exist  between  these  points. 

The  problem  now  under  consideration  is  the  practicability,  desir- 
ability and  economy  of  adopting  electricity  as  a  motive  power  for  this 
entire  suburban  system.  Under  this  general  head  come  minor  prob- 
lems as  to  the  partial  adoption  of  electric  power  for  either  the  regular 
or  express  suburban  service  or  parts  thereof,  as  to  the  proper  location 
and  arrangement  of  a  power  house  and  plant;  what  system  shall  be 
used  for  the  transmission  of  power;  the  size  of  transportation  units; 
whether  independent  motors  of  large  power  should  be  used  to  haul 
long  trains  of  trailers,  or  whether  small  transportation  units  run  at 
more  frequent  intervals  shoixld  be  adopted,  using  the  motors  for  carry- 
ing passengers. 
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Following  is  tlie  present  amount  of  equipment  assigned  to  this 
service:  Twenty-one  engines,  having  16  x  22-in.  cylinders,  49i-in. 
drivers, four-wheel;  weight,  117  000  lbs.  Two  engines, having  18  x  22-in. 
cylinders,  49  J -in.  drivers,  six-wheel;  weight,  160  000  lbs.    Ten  engines. 


DIAGRAM 

SHOWING  GROWTH  BY  CURVES 

THE  ILLINOIS  CENTRAL  CHICAGO 

SUBURBAN  BUSINESS 

COMPARED  WITH  THE  POPULATION'OF  CHICAGO 


e«PRtbS  k 
l&ITION  OF 


Fig.  3. 
having   17  x  24-in.     cylinders,     49j-in.   drivers,    four-wheel;    weight, 
166  000  lbs.      In  all,  33  engines  valued  at  !g8  500  each;   total  value, 
^280  000.     The  suburban  coaches  in  use  number  162;  they  are  45  ft. 
long  and  average  a  seating  capacity  of  54  persons;  value,  complete, 
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witli  steani  heat  and  Piutsch  gas,  ^3  500  each;  total  value,  $567  OOO. 
The  grand  total  value  of  suburban  equipment  amounts  to  $847  500. 

Fig.  3  is  a  diagram  which  shows  the  increase  in  the  population  of 
the  city  of  Chicago  from  1860  to  date;  also  in  liner  black  lines  the 
ratio  of  increase  in  Illinois  C'eutral  suburban  business  by  years.  The 
figures  on  the  left-hand  margin  show  the  population,  without  any 
reference  to  the  number  of  passengers  carried  by  the  Illinois  Central 
suburban  trains.  The  actual  number  of  passengers  carried  is  not 
indicated,  but  simply  the  i-atio  of  increase  year  by  year.  From  1892 
to  1894,  the  lower  line  shows  the  suburban  business  as  it  would  have 
been  unaffected  by  the  Exi^osition.  The  lines  extending  iijiwards 
show  the  proportionate  increase  in  the  business  due  to  the  Exposition 
on  both  the  local  and  express  services.  The  rate  of  increase  in  the 
city's  i)opulation  and  the  Illinois  Central  suburban  business  show  a 
diminished  ratio  in  1893  and  1894,  which  was  due,  so  far  as  the  pojju- 
lation  is  concerned,  to  financial  conditions  in  those  years,  and  as 
regards  the  suburban  business  to  the  same  general  influences,  together 
with  the  competition  of  the  "Alley"  elevated  line  and  the  growth 
of  local  electric  lines  in  outlying  districts.  It  will  be  noticed  that 
during  last  year  the  rate  of  increase  in  population  and  suburban  busi- 
ness has  again  taken  an  ujiward  turn. 
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DISCUSSION. 


T.  C.  Clarke,  Past-President  Am.  Soc.  C.  E. — The  wide  diflfereuces  Mr.  ciark-e 
in  the  cost  of  the  application  of  electric  jDower,  in  the  oiJinion  of 
experts,  varying  from  $375  000  to  ^1  200  000,  and  of  its  ojaeration, 
varying  from  .$232  to  .S616  per  day,  shows  how  little  was  definitely 
known  about  the  matter  five  years  ago.  The  decision  of  the  Illinois 
Central  Railway  Company  to  make  no  change  from  steam  locomotives 
would  have  been  justified  for  that  reason  alone,  but  the  author  has 
pointed  out  a  much  better  reason,  that  the  greater  part  of  the  Exposi- 
tion business  consisted  of  carrying  large  numbers  of  people  from  one 
terminal  to  another.  This  indicated  long  trains  of  cars  at  greater  dis- 
tances apart,  say  twelve  cars  carrying  1  000  passengers.  There  is  no 
question  that  the  steam  locomotive  is  the  most  economical  means  of 
doing  this  class  of  business.  When  he  comes  to  consider  the  question 
of  the  application  of  electricity  to  suburban  traffic,  he  states  the  whole 
case  very  clearly  and  correctly.  "  Electricity  is  more  desirable  and 
economical  for  handling  a  large  number  of  small  transportation  units 
at  frequent  intervals  over  short  distances,  while  steam  power"  (mean- 
ing steam  locomotive  power)  "is  more  desirable  and  economical  for 
handling  large  units  of  transportation  at  high  speeds,  infrequent 
intervals,  and  over  long  distances."  He  should  have  added  that  the 
electric  system  is  better  adapted  to  frequent  stops,  and  the  steam 
locomotive  to  stops  far  apart. 

The  author,  under  the  head  of  "minor  problems,"  speaks  of  "the 
size  of  transi^ortation  units  and  whether  independent  motors  of  large 
power  shall  be  used  to  haul  long  trains  of  trailers,  or  whether  small 
transportation  units,  run  at  more  frequent  intervals,  shall  be  adopted," 
with  motors  on  the  cars.  In  designing  the  rolling  stock  and  structure 
of  elevated  electric  railways  in  cities,  this  is  the  main  point,  and  not 
one  of  minor  consideration.  Neglect  to  study  this  and  to  come  to  the 
correct  conchision  has  led  to  the  financial  failure  of  one  of  the  largest 
electric  elevated  railways  that  has  been  constructed,  and  will  lead  to 
the  financial  failure  of  all  others  that  follow  the  same  lines. 

Carrying  passengers  in  a  city  does  not  differ  from  any  other  busi- 
ness. The  first  requisite  is  to  get  abundant  traffic;  the  second,  to 
handle  it  with  economy.  The  Manhattan  Railway  is  an  instance  of 
the  first;  the  Brooklyn  Elevated  of  the  second. 

Elevated  lines  run  in  competition  with  surface  lines,  and  charge  the 
same  fare.  The  surface  lines  can  beat  them  in  all  points  but  one. 
They  afford  more  frequent  stops;  there  is  no  climbing  of  stairs;  cost 
of  construction  and,  consequently,  interest  is  less,  and  the  system  of 
transfers  to  branch  lines  is  a  great  accommodation  to  the  public.  The 
elevated  trains,  not  being  impeded  by  surface  traffic,  can  make  better 
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Mr.  Clarke,  time;  but  for  that,  uo  i)erson  would  rule  in  them,  excei)t  to  escape 
croAvding. 

Common  sense  would  indicate  that  the  managers  of  elevated  lines 
should  try  to  approach,  so  far  as  possible,  the  conditions  which  have 
made  surface  lines  a  success. 

Frequent  stops  can  only  be  attained,  without  losing  too  much 
time,  by  having  a  great  jjower  of  acceleration.  Any  amount  of  i^ower 
can  be  sent  from  the  central  reservoir,  but  if  the  wheels  of  the  cars 
slip,  a  limit  is  reached.  Therefore,  instead  of  having  only  one-third  of 
the  weight  of  the  train  available  for  adhesion,  as  is  the  case  where  an 
electric  locomotive  draws  a  train  of  trailers,  utilize  the  whole  weight 
of  the  train  and  passengers  by  putting  motors  on  every  car,  connected 
electrically  and  mechanically,  and  worked  by  a  motorman  at  one  end 
of  the  train.  Another  advantage  resulting  from  this  is  that  gradients  can 
be  steepened  and  the  height  of  the  stations  and  their  stairways  reduced. 

If,  in  addition  to  this,  short  trains  of  light  cars  are  used,  the  weight 
and  cost  of  the  structure  can  be  greatly  reduced,  and  the  interest 
charges  also.  Small  trains  mean  frequent  trains  to  enable  the  traffic 
to  be  carried,  and  everybody  knows  there  is  no  means  of  attracting 
traffic  so  powerful  as  that  of  frequent  trains,  as  there  is  then  no  wait- 
ing at  stations,  which  everybody  hates. 

The  summing  up  of  the  whole  matter  is,  that  to  make  a  city  ele- 
vated railway  a  success,  the  surface  electric  system  must  be  copied, 
and  placed  above  obstructions  from  other  traffic,  and  not  the  steam 
locomotive  system  of  long  trains  at  greater  intei'vals. 

Some  persons  say  that  this  last  method  is  a  much  more  economical 
one  of  carrying  traffic.  Even  if  this  were  true,  it  would  not  be  a 
sti'ong  argument,  if  there  were  but  little  traffic  to  carry.  The  state- 
ment does  not  seem  to  be  borne  out  entirely  by  the  facts.  The  cost  of 
carrying  passengers  on  the  Brooklyn  elevated  steam  railway  for  1896 
was  10.6  cents  per  car-mile  run,  and  the  number  of  jsassengers  carried 
per  car-mile  run  was  3.66.  The  Brooklyn  surface  trolley  lines  carried 
during  same  year  4.76  jjassengers  per  car-mile  run,  and  at  a  cost  per 
car-mile  of  12.10  cents.  The  cost  of  carrying  passengers  on  the  Man- 
hattan elevated  lines  in  1896  was  12.2  per  car-mile  run,  and  the  num- 
ber was  6  per  car-mile  run.  The  cost  of  carrying  passengers  on  the 
Third  Avenue  line  during  same  year  was  11.94  cents  jjer  car-mile  run, 
and  the  number  was  5  per  ear-mile  run. 

All  surface  trolley  lines  would  prefer,  if  conditions  allowed  it,  to 
be  able  to  run  one  motor  car  with  one  or  two  trailers.  If  they  were 
placed  on  elevated  structures  of  light  construction,  they  could  do  this, 
and  if  motors  were  attached  to  all  the  cars,  they  could  run  more  or  less 
of  them  to  suit  the  variations  of  traffic,  and  in  case  of  a  breakdown  of 
the  motors  on  one  car  there  would  always  be  a  motor  car  at  hand  to 
take  it  awav. 
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The  process  of  evolution  wliich  develops  everything  along  the  fit-  Mr.  Clarke, 
test  lines   will  make  the  city  elevated  railway  of  the  future   one  of 
light  structure,  carrying  ligiit  and  very  frequent  trains,  with  motors 
on  the  cars  themselves — a  development  of  street  trolley  lines,  and  not 
of  steam  locomotive  railroads. 

Henky  G.  Prout,  M.  Am.  Soc.  C.  E. — It  is  improbable  in  the  light  Mr.  Prout. 
of  present  knowledge  of  the  subject  that  the  traiiic  now  handled  by 
steam  traction,  if  carried  in  the  same  manner  and  at  the  same  intervals, 
could  be  handled  cheaper  by  electricity.  It  would  not  be  surprising 
if  this  statement  were  found  to  hold  true  of  the  Manhattan  Elevated 
Kailroad  in  New  York,  which  is  admirably  adapted  for  economical 
electric  working  because  the  traffic  is  such  that  the  central  power 
stations  could  be  operated  under  a  condition  of  fairly  uniform  load- 
ing. Nevertheless  the  traffic  on  this  road  is  handled  under  conditions 
giving  great  economy  in  steam  traction;  that  is  to  say,  the  units  are 
large,  and  could  not  be  reduced  even  were  electricity  substituted  for 
steam.  It  would  be  unsafe  to  run  the  trains  at  more  frequent  in- 
tervals then  they  are  run  now.  Consequently  to  handle  the  same 
traffic,  it  is  necessary  to  operate  trains  as  heavy  as  those  now  in  ser- 
vice, and  it  is  possible  that  a  thorough  analysis  of  the  problem  would 
show  that  they  could  be  handled  more  cheaply  by  steam  than  elec- 
tricity. In  1895  the  then  general  manager  of  the  company  stated  that 
no  one  had  been  able  to  convince  him  of  an  economy  in  handling  the 
traffic  of  the  Manhattan  Elevated  Railroad  by  electricity  which  would 
pay  the  interest  on  the  cost  of  the  change.  The  present  general  man- 
ager, however,  has  the  contrary  opinion. 

If  the  traffic  can  be  massed  in  such  a  way  as  to  be  handled  in  large 
units  it  is  probable  that  steam  will  handle  it  more  cheaply  than 
electricity  for  a  long  time  to  come,  so  far  as  can  be  foreseen  now.  It 
may  be  assumed,  for  instance,  that  the  traffic  can  be  hauled  by  a  loco- 
motive capable  of  developing  1  000  H.-P.,  and  costing,  say,  for  sim- 
plicity, ^10  000.  A  central  station  of  1  000  H.-P.,  with  the  means  of 
transmitting  the  power  to  the  motor,  will  cost  ^80  000,  taking  about 
the  mean  of  the  author's  figures,  which  range  from  .f65  to  $100  per 
horse-power.  The  interest  on  the  difference  in  cost  of  a  1000  H.-P. 
central  station  system  and  a  locomotive  of  equal  capacity  would  be 
more  than  the  saving  in  the  cost  of  coal  eff'ected  by  the  use  of  electricity ; 
moreover,  it  is  questionable  if  there  would  be  any  aj^preciable  saving 
in  coal  consumption.  To  generate  and  deliver  a  horse-power  at  the 
driving  wheel  of  an  electric  car  will  probably  require  as  much  coal  to 
be  burned  in  the  central  station  as  in  the  locomotive,  but  it  is  true 
that  cheai^er  coal  may  often  be  used  in  a  central  station  than  on  a 
locomotive. 

It  is  thus  evident  that  the  problem  is  more  commercial  than  en- 
gineering.     In  order  to  secure  traffic  of  the  class  discussed  by  the 
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Mr.  Prout.  aTithor,  it  must  be  handled  in  small  and  frequently  operated  units. 
Owing  to  the  competition  of  trolley  roads,  the  question  of  the  possible 
maximum  economy  is  over  shadowed  by  the  more  important  problem 
of  securing  and  holding  the  traffic,  even  by  more  expensive  methods 
of  handling  than  those  of  the  present  time.  Under  the  present  sys- 
tems of  headway  and  speed,  the  business  now  done  can  be  carried  on 
more  cheaply  by  steam  than  electricity,  but  the  problem  confronting 
the  railroads  is  that  the  present  business  cannot  be  retained  by  such  a 
service,  which  points  to  the  application  of  electricity  for  certain 
limited  uses. 
Mr.  Emery.  Charles  E.  Emeey,  M.  Am.  Soc.  C.  E. — The  detailed  information 
in  the  paper  is  more  valuable  from  a  historical  standpoint  than  other- 
wise, because  the  development  of  electric  traction  in  the  last  five  years 
has  been  great.  While  the  paper  contains  what  may  be  termed  pre- 
dictions of  possibilities  by  those  who  had  investigated  the  subject 
thoroughly  and  have  since  proved  they  were  right,  it  also  contains 
considerable  data  from  those  who  merely  had  ideas  on  the  subject  and 
had  not  proved  them,  which  accounts  for  the  variations  in  the  esti- 
mates submitted. 

The  general  principles  underlying  the  introduction  of  electric  trac- 
tion are  now  pretty  well  understood.  Where  the  traffic  is  handled  by 
fx'equent,  short  trains,  electricity  has  the  advantage,  while  with  heavy, 
long  trains  the  advantage  lies  with  the  steam  locomotive.  So  far  as 
economy  alone  is  concerned,  it  is  probable  that  the  steam  locomotive 
nearly  holds  its  own  in  a  comparison  with  trolley  practice,  but  there 
are  other  aspects  of  the  problem  to  be  considered. 

In  an  approximate  investigation  of  the  cost  of  applying  electricity 
to  the  Pennsylvania  Railroad,  1  800  miles  long,  the  speaker  assumed 
the  present  movement  of  trains  as  a  basis  and  estimated  the  cost  of 
electric  apparatus  at  the  lowest  figure  yet  discussed,  or  at  about  the 
same  cost  per  pound  as  other  classes  of  machinery.  The  cost  of 
operation  was  also  taken  as  low  as  seemed  possible  in  practice.  On 
this  basis  it  was  found  that  to  run  all  trains  on  the  road  electrically 
instead  of  by  steam  would  necessitate  increasing  the  present  gross  re- 
ceipts about  one-tenth  to  pay  the  same  dividends  as  at  present.  It 
follows  that  to  make  the  substitution  of  electricity  for  steam  jirofltable 
the  traffic  must  be  increased,  as  has  been  the  history  in  changing  horse 
to  trolley  lines. 

An  analysis  of  the  cost  of  operating  steam  and  electric  roads  is  in- 
teresting. In  the  case  of  electricity,  the  loss  from  the  power  station 
to  the  rails  is  about  50)^  in  round  numbers.  With  an  improved  steam 
plant  in  the  station  the  saving  in  fuel  per  horse-power  delivered  at 
the  track  would  be  about  one-third  of  that  required  by  the  locomotive. 

The  probable  diiference  in  price  of  fuel  would  increase  the  saving 
to  one-half.     The  saving  in  weight,  due  to  the  absence  of  the  tender, 
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api^lied  to  the  relative  amount  of  coal  iised  for  different  classes  of  Mr.  Emery, 
engines,  would  increase  the  average  saving  in  fuel  to  about  53  per 
cent.  When  it  is  considered,  however,  that  the  cost  of  fuel  on  rail- 
roads is  only  about  one-tenth  the  total  operating  expenses,  the  saving 
would  only  be  5.3^  of  the  operating  expenses,  which  would  be  in- 
creased to  about  6%  when  the  saving  in  water  is  considered.  The 
saving  in  fiiel  does  not  therefore  affect  the  problem  to  a  very  import- 
ant extent.  In  the  case  of  a  standard  steam  road  there  are  many 
reasons  why  it  is  desirable  to  use  an  independent  electric  locomotive. 
In  such  a  case  the  same  number  of  trainmen  would  be  required  as  for 
a  steam  locomotive  and  no  reduction  in  their  wages  can  be  predicted, 
The  use  of  electricity  would  make  a  slight  reduction  in  the  force  of 
cleaners  in  the  round-houses,  but  add  the  wages  and  other  operating 
expenses  of  the  large  stations  where  the  current  is  generated. 

The  use  of  electricity  will  also  entail  additional  interest  charges 
due  to  the  cost  of  the  generating  station  and  its  equipment  and  the 
overhead  or  third  rail  system  of  transmitting  power  from  the  station 
to  the  trains;  and  in  equipping  an  old  railroad  already  supplied  with 
locomotives,  the  capital  account  will  also  be  increased  by  the  cost  of 
the  electric  locomotives. 

It  is  evident  that  the  electric  operation  of  a  standard  steam  railroad 
makes  it  necessary  in  order  to  earn  the  same  amoimt  for  dividends  as 
at  present,  to  increase  the  gross  earnings  sufficiently  to  meet  the  ad- 
ditional fixed  and  labor  charges,  less  the  comparatively  small  saving 
in  fuel. 

In  the  case  of  suburban  steam  traffic  the  reasoning  is  the  same,  ex. 
cept  that  at  moderate  sjieeds  the  motors  can  be  jiut  under  the  baggage 
car  and  driven  by  a  single  man,  with  the  baggageman  acting  as  a  re- 
serve in  case  of  sickness  or  accident  to  the  driver,  so  there  would  be  a 
slight  saving  in  the  cost  of  labor.  It  is  a  curious  fact,  however,  that 
the  cost  of  operating  the  better  class  of  railroads  is  about  the  same, 
whether  they  use  trolleys,  cables  or  steam  locomotives,  and  is  inde- 
pendent of  the  size  of  cars.  It  is  merely  an  accident,  due  to  the  fact 
that  the  force  required  to  pull  a  train  on  a  standard  steam  road  is  less 
than  that  necessary  on  the  dirt-covered  trolley  roads,  the  difference 
being  due  to  the  condition  of  the  track.  This  cost  of  operation  runs 
from  5  to  15  cents  per  car-mile,  although  there  are  few  examples  at 
either  limit.  The  cost  usually  ranges  from  10  to  12  cents  per  car-mile. 
The  chief  reason  for  the  high  cost  in  the  case  of  trolley  roads  is  due 
to  the  item  of  labor,  the  most  noticeable  example  being  aiforded  by 
the  West  End  Eailway  in  Boston.  The  use  of  the  trolley  in  this  case 
did  not  enable  any  improvement  to  be  made  in  the  average  speed  of 
the  cars  on  account  of  congested  streets,  more  capital  had  been  in- 
vested, and  more  men  employed  to  handle  the  increased  traffic,  so 
there  was  no  reduction  in  the  cost  of  operation  per  car-mile.     Un- 
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Mr.  Emery,  doubtedly  when  the  subway  in  Boston  is  ttnisbed.the  cars  will  average 
a  higher  speed  and  more  car-miles  will  be  obtained  than  at  present 
for  the  same  or  a  less  total  expenditure. 

Why  has  the  trolley  been  successful  ?  Partly  because  the  power 
has  been  furnished  more  cheajjly  and  conveniently  than  by  horses,  but 
chiefly  because  it  enables  the  public  to  be  served  better.  The  cars  stop 
where  desired,  make  fair  speeds,  and  avoid  the  climbing  or  descending 
of  stairs  incident  to  travel  on  an  elevated  railway.  It  is  perfection 
for  city  traction  and  apjiroaches  it  for  subiirban  traffic,  but  for  reasons 
given  it  is  safe  to  predict  that  further  electric  developments  will,  for 
the  present,  be  on  suburban  lines  and  not  on  steam  operated  roads. 
Mr.  Bates.  C.  J.  Bates,  M.  Am.  Soc.  C.  E. — The  fundamental  point  in  this 
discussion  is  whether  or  not  any  system  of  electric  traction  has  been 
devised  which  will  meet  the  exigencies  of  standard  railroad  operation. 
When  this  matter  is  settled,  it  will  be  time  to  discuss  economies  and 
details.  No  such  system  has  yet  been  devised,  and  the  trolley  system 
for  anything  like  trunk-line  traffic  may  be  said  to  be  totally  worthless. 
If  any  engineer  will  take  the  trouble  to  sketch  out  a  yard  where  there 
is  a  complicated  system  of  tracks,  and  endeavor  to  locate  his  pole  and 
overhead  wires  where  they  cannot  be  reached  by  the  rolling  stock 
moving  about  the  yard,  he  will  see  that  the  trolley  system  cannot  be 
used. 

In  the  important  matter  of  taking  up  current  from  the  conductors 
to  operate  the  motors,  but  little  improvement  has  been  made  since  the 
author  made  the  investigation  on  which  the  paper  is  based.  It  is  re- 
ported that  the  third  rail  on  the  Nantasket  road  is  to  be  divided  into 
separate  insulated  sections.  This,  however,  adds  another  difficulty, 
sparking,  for  the  electric  locomotive  to  overcome  in  moving  from  one 
section  to  another.  This  might  be  obviated  by  putting  a  motor  on  each 
car  and  arranging  a  method  by  which  every  car  would  take  current 
from  the  third  rail. 
Mr  Hutchinson  Cary  T.  Hxjtchinson,  Assoc.  M.  Am.  Soc.  0.  E. — The  most  san- 
guine electrical  engineers  have  never  seen  quite  such  a  rosy  prospect 
for  electric  traction  as  Mr.  Emery  has  presented  in  his  statement 
that  10%"  increase  in  the  gross  receipts  of  the  Pennsylvania  Railroad 
would  make  electrical  operation  perfectly  feasible.  All  electrical 
engineers  have  taken  the  position  that  there  can  be  no  substitution  of 
electricity  for  steam  on  trunk  railroads.  The  only  condition  under 
which  electricity  can  be  used  successfully  is  where  the  load  is  strongly 
concentrated,  when  there  are  many  units  running  under  a  short  head- 
way. 

Enough  stress  has  not  been  laid  in  the  paper  on  the  fact  that  the 
answers  to  the  author's  questions  were  made  six  years  ago.  At  that 
time  the  parties  asking  the  questions  were  groping  in  the  dai"k,  as 
everybody  now  knows.     It  has  also  not  been  clearly  brought  out  that 
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all  the  questions  were  not  clear-cut,  and  the  conditions  were  not  fully  Mr.  Hutchinson 
defined.  This  accounts  for  much  of  the  confusion  between  the  re- 
plies. Another  cause  was  the  difference  in  opinion  as  to  the  meaning  of 
terms.  In  answering  Question  40,  for  example,  a  speed  of  100  revolu- 
tions per  minute  is  variously  stated  as  high,  medium  and  low.  Apart 
from  this  matter,  however,  it  may  be  said  that  two  or  three  of  the 
companies  could  have  installed  the  desired  plant  successfully.  In 
the  Baltimore  and  Ohio  tunnel  work,  the  conditions  were  more  onerous 
and  differed  more  from  trolley  practice  than  anything  attempted  at 
Chicago,  but  the  undertaking  was  carried  out  with  entire  success  by 
one  of  the  companies  tendering  for  the  Illinois  Central  contract. 

The  subject  of  elevated  railroad  operation  has  been  presented  in  a 
manner  not  quite  fair  to  electricity,  in  the  statement  that  there  could 
be  no  saving  in  operating  expenses,  because  the  trains  would  pro- 
bably have  to  be  of  the  same  size  in  order  to  accommodate  the  traffic. 
The  conditions  could  be  met  by  changing  the  size  of  the  units  as  the 
traffic  changes,  employing  independent  driving  for  each  motor,  and 
increasing  the  carrying  capacity  as  the  traffic  increases.  This  plan 
has  been  proi^osed,  and  there  seems  to  be  no  reason  why  it  should 
not  be  carried  out,  except  the  difficulty  of  controlling  the  motors  of  a 
number  of  individual  cars.  The  locomotive  does  not  fit  the  work  at 
all,  and  separately  driven  motor  cars  will  be  used  in  all  probability. 
Another  objection  which  has  been  raised  to  the  use  of  electricity  in 
yards  is  the  complication  of  poles  and  overhead  wiring,  but  no  one 
would  attempt  to  use  the  overhead  trolley  under  such  conditions. 
Some  surface  method,  such  as  a  divided  third  rail,  would  be  adopted. 

W.  H.  Knight,  M.  Am.  Soc.  C.  E. — The  electric  motor  is  handi-  Mr.  Knight- 
capped  to  a  certain  extent  as  compared  with  reciprocating  motors  by 
the  pulsations  of  its  power.  Unless  an  elaborate  rheostatic  means  of 
controlling  the  current  is  used,  the  power  is  bound  to  be  applied  in 
more  or  less  uneven  steps,  quite  as  uneven  as  the  variations  in  hori- 
zontal effect  due  to  the  angularity  of  the  connecting  rods  of  a  steam 
locomotive. 

At  the  time  the  company  with  which  the  speaker  was  then  con- 
nected submitted  its  estimates  to  the  author  for  the  work  mentioned 
in  the  paper,  it  was  also  discussing  two  more  untried  problems  in 
electric  traction,  the  Intramural  Railway  of  the  Columbian  Exposition 
and  the  100-ton  locomotive  for  the  Baltimore  and  Ohio  tunnel.  Both 
these  problems  it  solved  successfully,  although  there  were  a  few  dis- 
appointments, and  some  of  the  things  prophesied  would  not  come 
about.  At  that  time  estimates  were  sometimes  made  by  people  who 
had  absolutely  no  experience  with  the  subject,  which  naturally  threw 
suspicion  on  every  one. 

In  regard  to  the  elevated  railroad  problem,  which  is  more  directly 
interesting  to  electricians  than  steam  traffic  generally,  because  of  the 
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Mr.  KniKiit.  possibility  of  avoiding  trolley  wires,  tlie  direction  in  which  progre&s 
lies  is  ajjparently  in  the  line  of  longer  trains  moving  more  rapidly. 
The  whole  object  of  the  elevated  railroad  is  speed,  and  speed  cannot 
be  had  with  short  headways.  If  it  were  merely  a  matter  of  carrying 
the  greatest  number  of  people,  a  comparatively  slow  speed  and  short 
headway  would  solve  it.  On  the  New  York  and  Brooklyn  Bridge  a 
speed  of  6  miles  an  hour  will  carry  the  greatest  number  of  people.  A 
speed  of  15  or  16  miles  could  be  attained,  but  the  motive  power  ex- 
pense would  have  to  be  doubled,  which  is  inadmissible.  Electricity 
is  now  able  to  handle  trains  of  five  to  ten  cars  at  a  speed  of  13  miles 
per  hour  without  increasing  the  weight  of  the  elevated  structure  over 
what  it  is  at  present.  The  steam  locomotive  can  make  only  11  to  12 
miles  an  hour,  because  it  would  otherwise  have  to  carry  too  great  a 
load  on  the  drivers  for  the  safety  of  the  structure,  and  because  it  can- 
not be  moved  quickly  at  the  terminals.  The  electric  motor,  being  an 
integral  jjart  of  the  train,  does  away  with  the  need  of  shifting  engines. 
If  the  Manhattan  Elevated  Bailroad  Company  ever  solves  the  problem 
of  earning  larger  dividends,  it  will  probably  be  by  running  longer 
trains  at  greater  speeds,  and  not  by  dividing  the  trains  into  smaller 
units  run  on  shorter  headways.  To  do  this  it  would,  of  course,  be 
necessary  to  imj^rove  the  facilities  for  loading  and  unloading  the  cars. 
It  would  make  little  difference,  so  far  as  speed  is  concerned,  whether 
the  cars  were  all  equipped  with  motors,  or  all  the  electric  apparatus 
concentrated  on  one  car.  The  company  with  which  the  speaker  was 
formerly  connected  advocated  concentrating  the  api)aratus,  for  the 
reason  that  one  car  gives  sufficient  weight,  distributed  over  eight 
wheels,  to  afford  all  the  traction  needed. 
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CORRESPONDENCE. 


Edwakd Babkington,  Esq. — ^There  is  hardly  any  doubt  as  to  the  prac-  Mr.  Banington. 
ticability  of  substituting  electricity  for  steam  as  a  motive  power  for 
suburban  traffic.  The  economical  aspect  of  the  question  can  be  figured 
closely  by  those  familiar  with  the  subject,  as  they  have  had  ten  years' 
experience  on  the  street  railways,  together  with  that  of  the  several  steam 
roads  now  using  electricity,  on  which  to  base  their  calculations. 

Motor  cars  having  a  capacity  of  100  H.-P.  each,  but  capable  of  de- 
veloping up  to  200  H.-P.  for  short  periods,  should  be  able  to  handle 
the  present  service  of  the  Illinois  Central  Railway,  and  the  power 
should  be  divided  between  two  motors. 

The  answers  to  the  author's  queries  seem  to  have  developed  quite 
a  diversity  of  opinion  and  information.  It  would  probably  take  6  000 
H.-P.  to  cover  satisfactorily  the  suburban  traffic  of  the  Illinois  Cen- 
tral, including  the  several  branches,  which  would  be  divided  into  four 
units  of  1  500  H.-P.  each,  and  eight  dynamos  of  750  H.-P.  each,  with 
Babcock  &  Wilcox  water-tube  boilers,  mechanical  stokers,  condensers, 
heaters,  separators,  and  all  accessory  apparatus.  The  approximate 
cost  of  power  station,  plant,  line,  block-signal  system,  thirty-three 
combination  motor  cars,  etc.,  should  not  exceed  ^750  000.  This  does 
not  cover  cost  of  site  for  power  plant.  There  is  no  real  necessity  for 
any  loss  being  incurred  through  inactivity  of  the  present  siiburban 
equijiment,  as  the  locomotives  can  be  used  elsewhere,  and  the  coaches 
will  remain  in  active  service.  At  ^1  per  ton  for  coal,  the  cost  of  oper- 
ation, with  careful  management,  should  not  exceed  $25  per  horse- 
power per  annum.  An  electrical  engineer,  thoroughly  conversant  with 
mechanical  engineering,  would  be  quite  essential. 

Although  the  Avriter's  estimates  are  based  on  the  overhead  system 
of  transmission,  he  strongly  advocates  the  third-rail  system  with  low 
voltage.  With  ordinary  precautions,  no  danger  need  be  counted 
upon.  The  difference  in  cost  between  the  third-rail  system  and  the 
overhead  system  would  not  be  material.  With  the  latter  the  poles 
should  be  placed  between  the  tracks,  from  90  to  100  ft.  apart,  and  the 
wires  supported  by  the  bracket  suspension  method.  Trolley  wires 
should  be  No.  00,  B.  &  S.  gauge,  and  feed  wires  No.  0000.  With 
first-class  construction,  the  cost  of  repairs  would  be  merely  nomi- 
nal. Fifteen  per  cent,  of  extra  equipment  should  provide  for  repairs 
a,nd  contingencies.  The  repair  shop  should  be  thoroughly  equipped 
with  the  best  tools,  etc. ,  and  be  under  the  supervision  of  the  engineer 
in  charge.  The  motor  cars  should  be  built  on  the  vestibule  plan,  thus 
protecting  the  motorman  from  the  inclemencies  of  the  weather. 

Many  railway  managers,  and  more  especially  those  connected  with 
eastern  roads,  have  pretty  much  made  up  their  minds  that  it  is  not 
merely  a  theory  that  confronts  them,   and  that  if  they  wish  to  hold 
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Mr.  Baninston.  their  patronage  and  pay  dividends  they  must  fight  electricity  with 
electricity.  Although  electricity  will  undoubtedly  supersede  steam 
in  the  not-distant  future,  there  does  not  appear  to  be  the  slightest 
reason  for  uneasiness  on  the  part  of  any  existing  interest,  as  such 
changes  will  take  place  in  conformity  with  well-defined  laws  of  pro- 
gress, which  must  infallibly  operate  to  compensate  adequately  for  all 
apparent  losses  incurred  during  the  period  of  transformation,  and  will 
have  their  analogy,  so  far  as  economic  consequences  to  existing  inter- 
ests are  concerned,  in  the  change  from  the  horse-car  or  stage  coach  to 
the  electric  motor  car  or  steam  locomotive. 

It  has  been  carefully  estimated  that  the  adoption  of  electricity  in 
place  of  steam  on  trunk  lines  woiild  effect  a  saving  of  from  10  to  15% 
of  their  operating  expenses  annually.  Included  in  this  are  the  repairs, 
fuel,  water  and  other  supplies  for  locomotives,  and  wages  of  firemen. 
All  items  in  which  there  may  be  a  reasonable  doubt  are  eliminated, 
and  the  steam  power  given  the  benefit  of  the  doubt.  It  is  problem- 
atical whether  any  saving  could  be  effected  in  conducting  transporta- 
tion, wages  of  trainmen,  repairs  of  roadbed,  renewal  of  ties,  repairs 
of  bridges,  repairs  of  shop  machinery  or  Avages  of  engineers. 

In  estimating  the  initial  cost  of  installing  a  railroad  with  an  elec- 
trical equipment,  several  methods  are  employed  to  determine  the 
amount  of  power  needed,  as  follows: 

Take  the  number  of  miles  run  per  year  by  all  trains  and  reduce  to 
an  hourly  trafific  and  multiply  by  the  power  required  per  train. 

Take  the  yearly  movement  of  freight  and  i^assengers,  and  reduce  it 
to  an  hourly  basis,  with  proper  allowances. 

Take  the  number  of  locomotives  and  multiply  by  the  average 
power  developed  by  each,  making  projier  allowances  for  engines  not 
in  use. 

Take  the  coal  consumption  and  assume  a  certain  consumption  per 
horse-powerhour. 

Of  course  each  of  these  reductions  should  arrive  at  the  same  con- 
clusions, nearly. 

The  last  estimate  is  probably  the  most  accxirate,  and  25%  is  added 
to  allow  for  increased  traffic  at  certain  seasons  of  the  year,  and  25%" 
again  to  cover  the  heaviest  demands  during  the  day  at  such  times. 
This  gives  the  grand  total  required.  It  is  necessary,  therefore,  to 
figure  on  about  2.4  times  the  amount  of  jjower  required  on  an  average. 
The  power  stations  should  have  a  capacity  of  about  6  500  H.-P., 
and  this  should  be  sufficient,  generally  speaking,  for  a  45-mile  section 
of  road.  The  equipping  of  each  station  will  cost  about  .^625  000. 
Motors  will  cost  about  $G  000  each.  The  net  annual  saving  in  operat- 
ing expenses  is  figured  at  11/^  on  the  total  cost  of  installation. 

There  is  not  a  line  of  railway  in  the  United  States  more  favorably 
situated  to  introduce  electric  traction  than  the  Illinois  Central,  and 
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the  power  station  coiild  be  advantageously  located  at  either  Grand  Mr. BaniiiK'ton. 
Crossing  or   Burnside    Crossing,  whichever  presents  the  best   facili- 
ties   for   furnishing  good  water  for  condensing  purposes.     Burnside 
Crossing  is    peculiarly   well    adapted    for   a   power   plant    for   many 
reasons. 

Most  electric  railways  pay  too  much  for  their  power.  Some  de- 
velop it  cheaply  and  waste  it  on  the  line;  others  develop  it  at  high  cost, 
while  they  distribute  it  and  utilize  it  economically,  while  others  again 
may  be  losing  at  only  the  motor  end  of  the  line.  When  the  steam 
locomotive  is  discarded,  the  most  economical  and  convenient  method 
will  be  to  put  the  motor  under  a  baggage  or  combination  car,  weight 
being  unnecessary,  because  of  the  fact  that  the  even  pull  at  a  tangent 
to  the  circumference  of  the  motor  armature  produces  an  apparently 
greater  possible  traction  effort  per  ton  of  weight  than  is  the  case 
Avith  a  reciprocating  motor,  and  in  addition  reduces  the  tendency  of 
the  wheels  to  slij)  at  starting.  This  feature  of  the  electric  motor  is 
the  one  above  all  others  which  establishes  the  fact  that  it  has  come  to 
stay,  no  matter  what  development  may  be  made  in  air,  gas  or  other 
motors  which  have  to  convert  a  recii3rocating  into  a  rotating  motion ; 
and  the  fact  that  an  electric  motor  supplied  directly  from  a  central 
station  has  a  pi-actically  unlimited  supply  to  draw  from  puts  it  far 
ahead  of  any  motor  which  carries  its  supply  upon  its  back,  whether  it 
be  in  air-tanks,  storage  batteries,  oil  reservoirs  or  coal  and  water 
bunkers.  Where  the  motor  cars  are  equipped  with  double  motors  and 
two  controllers,  there  is  no  one  thing  can  happen  to  prevent  the 
motorman  from  getting  his  car  or  train  to  its  terminus.  The  speed 
may  be  decreased,  but  the  train  can  be  moved.  Of  course,  this  pre- 
supposes a  feeder  system  practically  impossible  to  interrupt,  which 
will  come  with  the  advent  of  electricity  on  steam  roads. 

Experience  with  power  plants  shows  that  the  transmission  of  elec- 
tric energy  a  distance  of  50  miles  with  a  pressure  of  20  000  volts  is 
practicable;  beyond  this  limit  the  transmission  would  be  more  or 
less  experimental.  Commercial  transmissions  are  in  successful  opera- 
tion for  distances  of  35  miles,  and  as  high  as  15  000  volts.  The 
best  plan  for  the  long-distance  transmission  of  energy  for  general 
purjjoses  is  the  three-phase  alternating  system.  Where  batteries  are 
used,  it  is  best  to  place  them  at  the  end  of  feeder  wires  to  obtain 
the  advantage  of  a  constant  load  on  the  wire.  When  the  economical 
area  of  direct  distribution  is  passed,  boosters  should  be  employed 
directly  or  in  connection  Avith  batteries,  to  a  distance  of  10  or  12  miles 
from  the  station,  and  beyond  this,  rotary  transformers,  with  or  without 
batteries,  should  be  used.  Where  the  power  is  generated  in  or  near 
the  area  of  distribution,  it  is  best  to  use  one  station  situated  at  the 
most  economical  point  for  producing  power.  Local  conditions,  of 
course,  largely  influence  such  matters. 
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Mr.Barringtdn.  Relative  to  electric  (Ustnbutiou,  the  booster  system  would  probably 
be  the  most  advantageous  ou  the  author's  lines,  owing  to  the  variable 
nature  of  the  traffic,  both  during  the  day  and  for  different  seasons.  If 
any  transforming  device  is  emjjloyed  to  feed  a  distant  section  of  the 
lines,  it  must  be  remembered  that  the  capacity  of  the  device  must  be 
great  enough  to  care  for  the  maximum  demand  ou  this  section.  Should 
it  be  necessary  to  feed  some  line  where  the  load  has  considerable 
momentary  fluctuation,  but  where  the  traffic  is  moderately  constant 
diiring  the  year,  the  booster  could  be  used  with  a  storage  battery  at 
the  end  of  its  feeder,  the  battery  supplying  the  line.  The  advantages 
of  this  combination  are  greater  than  with  the  simple  booster,  and  in 
many  cases  they  will  compensate  for  the  interest  and  depreciation  on 
the  battery  and  the  loss  in  it.  If  the  arrangement  is  properly  made, 
the  load  on  the  booster  and  line  wire  will  be  practically  constant,  thus 
decreasing  the  capacity  of  the  booster  to  that  required  for  the  average 
load,  while  less  copper  will  be  required  for  a  given  loss.  The  battery 
should  be  located  near  the  points  of  consumption  and  not  in  the 
station.  By  this  system,  a  booster  with  storage  batteries,  it  is  pos- 
sible, assuming  the  same  loss,  to  transmit  power  to  a  distance  of  10 
mOes  with  apjDroximately  the  same  amount  of  copper  that  would  be 
required  for  a  5-mile  transmission  on  the  direct  system.  It  increases 
the  economical  radius  of  distribution  twice,  and  the  area  of  distribu- 
tion four  times.  There  is  little  possibility  of  the  complete  shutdown 
of  such  a  station  with  a  proper  reserve,  a  careful  system  of  duplex 
steam  piping,  and  with  fire-proof  construction  of  the  station.  Storage 
batteries  would  look  out  for  any  momentary  interruptions  on  the 
feeders. 

The  selection  of  the  site  of  the  power  house  is  a  very  important 
factor  in  the  economical  operation  of  the  road.  Striking  advances  are 
noted  in  the  plans  under  which  they  are  now  constructed  compared 
with  those  of  some  years  ago.  The  distribution  of  room  is  more 
sightly  and  economical.  The  false  economy  of  building  only  for 
present  needs  has  been  observed. 

Determine  carefully  the  required  capacity  of  the  engines,  gene- 
rators and  boilers,  and  be  governed  accordingly  in  the  erection  of  the 
plant.  Closely  estimate  the  amount  of  generating  capacity  required, 
taking  always  into  account  the  grades  and  curves,  nature  of  holiday 
service,  frequency  of  stojjs  and  other  governing  considerations.  Hav- 
ing settled  upon  the  capacity  of  the  generators,  proceed  to  determine 
the  capacity  of  the  connected  engine,  but  bear  in  mind  that  an  engine 
has  not  the  capacity  for  excessive  overload  that  a  generator  has,  and 
that  an  engine  is  not  called  upon  to  perform  more  than  20%'  or  25%" 
above  its  rating,  even  for  a  short  time.  With  regard  to  the  boiler 
power,  it  is  ob\4ous  that  it  has  only  to  deal  with  the  average  of  the 
total  load. 
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As  ijrime  movers  gas  and  oil  motors  are  now  receiving  mucli  con-  Mi  ,  Harriugton. 
sideration,  and  there  is  doubtless  a  great  future  before  them,  the  work- 
ing cost  per  kilowatt  being  much  reduced. 

Direct  or  indirect  driving  seems  to  be  an  unsettled  question.  For 
steam-driven  plants,  direct  driving  is  an  undoubted  advantage,  al- 
though it  must  be  borne  in  mind  that  a  fly-wheel  suitable  for  electiic- 
light  dynamos  will  not  be  large  enough  for  traction  piu'poses,  since  in  the 
latter  the  load  fluctuates  very  rapidly  between  zero  and  the  maximum. 
Heavy  fly-wheels  are  very  essential.  The  direct-coupled  plant  will 
cost  slightly  more  than  the  direct-belted  with  independent  engines, 
but  much  less  than  any  plant  based  on  large  engines,  with  the  attend- 
ant mass  of  counter  shafting,  clutch  pulleys,  belts,  belt-tighteners, 
etc.  Add  to  this,  the  real  estate  and  building  item,  and  the  chances 
are  in  favor  of  reducing  the  original  investment  one-half  in  an  ordinary 
plant.     The  relation  of  this  fact  to  dividends  is  apparent. 

Frequently  the  cost  of  operating  power  stations  is  figiired  from  the 
basis  of  car-miles.  This  is  liable  to  be  deceptive,  as  insufficient 
copper,  poor  bonding  and  defective  car  equijsments  will  make  a  bad 
showing  for  any  station.  The  correct  method  is  to  note  the  output  at 
the  bus-bai",  and  figure  upon  the  basis  of  electrical  horse-power. 

The  study  of  the  details  of  such  a  plant  as  would  be  required  to 
operate  the  Illinois  Central  suburban  service,  including  express  trains 
and  the  branch  lines  to  Blue  Island,  Homewood  and  South  Chicago,  is 
a  most  intei-esting  one.  Taking  into  consideration  the  large  sum  in- 
vested in  coaches,  $567  000,  it  would  probably  be  judicious  for  this 
company  to  introduce  motors  of  large  j^ower,  capable  of  hauling  the 
trains  now  used  and  under  the  same  intervals  of  time.  The  steam 
locomotives  could  be  used  on  other  work  of  this  system,  and  would 
not  be  a  dead  loss.  The  chief  expense  of  installation  would  be  the 
power  plant,  system  of  transmission  and  33  combination  baggage  and 
motor  cars,  the  total  cost  being  not  far  from  double  that  of  the  least 
estimate  made  by  the  electrical  companies  in  1891. 

There  is  little  difficulty  in  deciding  the  most  economical  methods 
of  transmission  for  any  locality  after  the  ground  has  been  gone  over, 
the  nature  and  amount  of  the  service  determined,  and  the  cost  to  pro- 
duce power  at  the  central  station  figured.  Where  a  great  number  of 
trains  are  run  at  frequent  intervals,  as  on  the  Illinois  Central,  the  con- 
ditions are  especially  favorable  for  the  adoption  of  electricity.  Almost 
perfect  dynamos  can  be  now  furnished  with  an  efficiency  of  98  or  99  per 
cent.  Very  efficient  slow-speed  stationary  engines  can  be  had,  and 
equally  efficient  electric  motors.  The  chief  i^roblem  is  that  of  getting 
the  current  into  the  moving  train.  The  objection  to  the  overhead  trolley 
is  its  unsightliness  and  obstructing  the  view  of  signals,  and  the  third 
rail  may  be  dangerous,  although  if  a  low  voltage  is  used  and  only  or- 
dinary precautions  taken,  no  danger  need  be  anticipated. 
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Mr.  BiiniiiRtoii  The  aclvautaoes  of  electric  traction  for  accommodation  trains  over 
comparatively  short  distances  for  suburban  service  around  large  cities, 
and  to  a  certain  extent  for  the  transportation  of  freight,  are  very 
marked.  A  quick  start,  freedom  from  smoke  and  cinders,  the  slight 
expense  of  additional  motor  cars  for  extra  equipment,  all  recommend 
it  very  highly. 

Electric  motor  repairs  cost  iutinitely  less  than  those  of  steam  loco- 
motives, bacause  the  mechanism  is  far  more  simple.  There  are  fewer 
moving  parts,  and  these  are  not  so  much  exposed  to  the  action  of  mud, 
sand  and  water.  More  miles  are  run  per  day,  or  more  hours  of  service 
ai*fe  obtained  per  day,  with  electric  motors  than  with  steam  locomotives, 
so  that  the  cost  of  labor  jjer  mile  is  less  with  the  former,  and  the 
amount  of  work  done  with  a  given  sum  invested  is  larger.  When 
electric  motors  of  large  size  and  higher  speed  than  those  now  used  are 
made  to  take  the  place  of  locomotives,  they  will  run  about  the  same 
number  of  hours  as  the  motors  now  in  use,  but  will  cover  continuously 
from  two  and  a  half  to  three  times  the  distance  now  covered  by  the 
locomotives.  Locomotives  must  be  run  into  the  roundhouse  and 
thoroughly  examined  aud  cleaned  up  more  frequently.  The  electric 
motors  used  to  move  a  traia  can  be  placed  under  one  of  the  cars, 
so  that  the  weight  of  the  train  is  reduced  aud  less  power  is  required 
for  moving  it. 

Operating  figures  secured  from  a  number  of  large  modern  power 
houses  recently  range  from  ^0.0075  to  $0.0125  per  kilowatt  hour;  these 
figures  include  the  cost  of  coal,  water,  supplies,  repairs  and  labor,  but 
do  not  include  taxes,  insurance,  interest  or  depreciation.  Converting 
these  figures  into  annual  cost,  it  will  be  seen  that  they  are  equivalent, 
on  the  basis  of  twenty-hour  service  per  day,  to  from  $51  75  to  $91  25 
per  kilowatt  per  annum,  or  from  $41  to  $68  per  electrical  horse-power 
per  annum.  Charles  E.  Emery,  M.  Am.  Soc.  C.  E. ,  in  a  discussion  of 
the  cost  of  producing  j^ower  in  500  H.-P.  units,  made  in  1893,  showed 
that  it  could  be  delivered  on  the  dynamo  shaft  of  a  direct-connected 
engine  for  $30  39  per  horse-power  per  annum,  with  $2  coal;  $38  45,  with 
$3  coal;  and  $46  51,  with  $4  coal.  Assuming  a  dynamo  efficiency  of 
93%",  these  figures  would  become  $32  70,  $41  30  and  $50  respectively, 
all  based  on  a  twenty-hour  day  for  365  days,  and  covering  fuel,  supplies, 
labor  and  repairs  on  engines  alone.  It  seems,  therefore,  that  there  is 
an  opportunity  for  electric  railway  plants  to  increase  their  economy, 
particularly  in  view  of  the  fact  that  units  larger  than  500  H.-P.  are 
usually  found  in  most  modern  stations,  and  at  least  the  labor  account 
ought  to  be  less  than  in  Mr.  Emery's  assumed  examples.  To  be  sure, 
most  stations  work  under  disadvantages,  such  as  inability  to  obtain 
condensing  Avater,  heavy  cost  of  fuel,  and  enormous  fluctuations  in 
load,  which  prevent  ma.ximum  engine  economy  from  being  reached. 

There  are  some   features  of   the   single-acting   compound   engine 
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whicli  it  miglit  be  well  to  dwell  upon,  siicli  as  iiniform  ecouomy  over  Mr.  BaninKt.j 
■wide  ranges  of  load,  instantaneous  regulation  by  inertia,  limited  sjjace 
required,  low  cost  of  foundation,  ease  of  attendance,  ability  to  stand 
hard  service  under  long-continued  runs,  and  particularly  low  cost  of 
maintenance  and  repairs,  tlie  latter  being  only  !.(}%  V^^'  annum  of  tlie 
cost.  In  the  case  of  the  Illinois  Central  installation,  triple  expansion 
engines  of  either  1  500  or  1  000  H.-P.  each  would  probably  be  used. 

Cleanliness  in  and  about  the  power  station  will  pay  higher  divi- 
dends than  anything  else  connected  with  it,  as  misplaced  tools  and 
innumerable  other  articles  will  not  have  to  be  paid  for,  and  the  em- 
ployees will  take  more  interest  where  things  are  kept  scruijulously 
clean  and  neat.  In  stations  of  over  2  000  H.-P.  it  will  pay  to  extract 
the  oil  from  old  wipers.  It  is  done  by  enclosing  them  in  a  tank  into 
which  a  steam  jet  has  been  inserted.  The  oil  on  rising  to  the  top  can 
be  drawn  off  for  purification,  the  wipers  dried  out  and  used  again,  re- 
peating the  operation  until  they  are  worn  out. 

Iron  or  steel  chimneys  are  advised,  as  they  are  cheaper  and  their 
factor  of  safety  is  ten,  while  that  of   brick  chimneys  is  scarcely   two. 

Experience  has  proved  that  the  total  cost  of  repairs  for  rolling 
stock  per  car-mile  averages  about  .f 0.017,  divided  as  follows:  Trucks, 
$0,002;  motors,  ^0.005;  bodies,  $0,010.  These  figures  include  both 
labor  and  material,  the  latter  costing  about  one-tenth  more  than  the 
former.  Repainting  covers  about  20)0'  of  the  cost  of  repairs.  By 
economies  made  in  the  car  repair  shop,  such  as  carrying  on  all  work  on 
the  piece  system,  these  figures  can  be  materially  lowered.  Results  so 
far  secured  indicate  a  reduction  of  about  20  per  cent. 

It  would  be  very  interesting  to  know  exactly  what  effect  the  elec- 
tric and  cable  roads  have  had  on  the  suburban  receipts  of  the  Illinois 
Central  Railway  during  the  last  four  years.  Most  steam  roads  have 
completely  ignored  this  character  of  competition ;  in  other  cases  it  has 
been  met  by  reduced  rates  and  improved  service,  or  the  train  service 
has  been  reduced  and  retrenchments  made  in  other  directions.  In 
many  localities,  the  increased  inducements  to  travel  afforded  by  the 
opening  of  rapid  transit  lines,  and  the  improved  facilities  given  by  the 
old  roads,  have  materially  increased  the  traffic,  so  that  it  may  be  a  ques- 
tion whether  the  net  result  has  been  altogether  loss.  The  Illinois 
Central  has  refused  to  come  down  to  a  5-cent  fare,  although  the  North- 
ern Pacific  gives  a  20-mile  ride  for  that  amount.  It  is,  undoubt- 
edly, a  fact,  however,  that  the  rapid  transit  surface  roads  are  not  only 
catching  the  short-haul  jjassengers,  but  also  many  riding  for  long  dis- 
tances who  find  the  surface  roads  more  convenient  for  their  purposes 
and  now  fast  enough  to  use. 

Chakles  Henky  Davis,  M.  Am.  Soc.  C.  E. — The  paper  is  mostly  of  Mr.  Davis, 
interest  as  history  in  the  development  of  electric  traction,  sho wing- 
clearly  the  truth  of  the  author's  words:  "Engineers  giving  this  matter 
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s.  their  attention  have  been  enthusiastic  electricians ;  they  have  seldom 
been  practical  or  expert  mechanics,"  and,  the  writer  would  add,  usu- 
ally inexperienced  as  railroad  engineers.  In  the  growth  of  the  elec- 
trical industry  its  greatest  weakness  has  been  displayed  in  mechanical 
design.  The  pai)er  will  be  received  with  pleasure  by  those  in  the 
electrical  biisiness  as  another  indication  of  the  jjrobable  introduction 
of  electric  traction  on  parts  of  some  of  the  larger  steam  railway  lines. 
The  use  of  electricity  for  suburban  work  on  some  steam  railway  sys- 
tems is  certain  to  come  within  a  few  years,  but  it  will  be  adopted  by 
conservative  managers  only  when  it  can  be  shown  to  j^roduce  larger 
net  receipts  than  steam  locomotives.  Higher  operating  expenses  if 
accompanied  with  larger  gross  receipts  might  i3roduce  greater  net 
results.  One  of  the  difficulties  in  the  way  is  the  necessity  of  discard- 
ing certain  parts  of  the  old  system  upon  the  cost  of  which  interest 
must  be  paid,  biit  this  will  be  partly  overcome  by  their  use  on  other 
parts  of  the  line  which  continue  to  be  operated  by  steam  locomotives. 
The  writer  will  make  some  notes  on  the  paper  which  are  intended  to 
bring  out  the  unreliable  nature  of  many  of  the  answers,  and  the  under- 
lying causes  affecting  them,  together  with  the  many  discrepancies  and 
the  wide  divergence  of  ojoinions. 

The  author  opens  his  jjaper  by  disclaiming  any  expert  electrical 
knowledge,  thereby  inferring  that  such  knowledge  is  requisite  for  a 
proper  solution  of  the  problem  in  hand.  While  the  exj^ert  electrical 
engineer  is  a  necessity  for  the  best  design  and  execution  of  part  of 
such  a  change  from  steam  locomotives  to  electricity,  yet  the  engineer- 
ing problems  involved  are  much  more  those  which  can  be  best  solved 
by  sound  mechanical  and  civil  engineering  as  applied  to  transporta- 
tion lines. 

The  method  adopted  by  the  author  in  studying  the  problem  shows 
a  clear  judgment,  and,  it  is  hoj^ed,  will  be  repeated  in  his  present 
investigations.  Most  of  the  questions  are  calculated  to  draw  out  de- 
sirable information,  although  many  more  could  have  been  asked  to 
advantage.  The  statement  of  conditions  made  to  the  electric  companies 
is  clear  and  concise,  and  sufficiently  full  for  a  preliminary  study,  and 
seems  to  have  been  understood  by  all,  except  as  to  whether  20  miles 
was  the  average  or  the  maximum  speed  per  hour.  It  was,  undoubtedly, 
the  former,  although  not  so  expressed  by  the  use  of  the  word  "  aver- 
age." 

The  questions  and  answers  will  be  discussed  in  detail  and  in  con- 
secutive order.  The  figures  given  are  not  always  exact,  but  they  will 
be  found  to  be  approximately  correct  and  sufficiently  so  for  the  pur- 
poses of  this  disciTSsion.  The  writer  does  not  wish  to  be  understood 
as  attempting  to  belittle  the  labor  and  skill  of  those  engineers  connected 
with  the  large  electric  companies  (many  of  Avhom  are  among  the  leaders 
in  their  profession),  who  have  done  so  much  for  the  permanent  advance- 
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ment  of  the  electrical  industry,  but  wishes  to  give  some  idea  of  the  Mr.  Davis, 
methods,  affiliations  and  other  causes  in  the  business  which  resulted 
in  such  widely  divergent,  inconsistent  and  inaccurate  answers. 

Question  1. — What  capacity  should  motors  have  in  horse-power  ? 
Althoiigh  the  conditions  of  speed,  load  and  character  of  track  were 
given,  the  answers  vary  100^;^  from  100  H.-P.  minimum  to  200  H.-P. 
maximum,  as  follows: 

(a)  150  H.-P.  divided  into  2  motors. 

[h)  150-200      -         "         "  2 

(c)  100       "         "         "  2 

((/)  100      "         "         "  2  or  4  motors. 

(e)  200      "         "         "  2  " 

Undoubtedly  one  cause  of  the  large  variation  in  expressed  horse- 
power is  due  to  the  fact  that  neither  the  qiiestion  nor  answers  define 
what  is  meant  by  horse-power.  It  is  quite  possible  that  150  H.  -P.  of 
one  was  only  equivalent  in  capacity  to  100  H.-P.  of  another.  It  is  as 
necessary  in  determining  the  horse-power  capacity  of  a  motor  to  define 
its  ampere  current  at  a  given  electromotive  force  within  a  given  heat 
limit,  etc.,  as  it  is  to  define  the  steam  pressure  and  speed,  etc.,  of  a 
steam  engine  before  the  horse-power  can  be  intelligently  determined,  d 
undoubtedly  advocated  four  motors,  to  increase  the  tractive  effect, 
and  because  it  was  not  until  the  latter  part  of  1892  that  railway  motors 
of  over  30  H.-P.  were  in  constant  and  successful  operation  for  service 
of  this  character.  It  would  therefore  seem  that  each  company  was  ad- 
vocating the  use  of  apparatus  which  was  experimental.  It  is  unneces- 
sary here  to  go  into  the  mathematics  that  would  have  accurately 
determined  the  necessary  horse-power,  c  gave  the  lowest  estimate 
of  motor  horse-power,  a  tendency  it  invariably  had,  and  which,  to- 
gether with  the  lightness  of  its  mechanical  work,  was  a  large  element 
in  the  subsequent  failure  of  the  types  designed  by  it.  Although  d 
made  the  same  estimate  of  motor  horse-power,  at  that  time  it  under- 
rated its  apparatus,  and  the  greater  subdivision,  recommended  by  this 
company,  would  have  given  a  greater  percentage  of  surplus  power  to 
call  upon,  if  loads  and  speeds  required  it. 

Question  2. — What  will  these  motors  cost?  In  giving  cost,  sej^arate 
the  cost  of  motors  and  motor  cars. 

Omitting  the  cost  of  bodies,  which  would  largely  depend  upon  their 
style  and  finish,  and  noting  that  a  estimates  on  an  electric  locomotive 
and  recommends  its  use,  while  the  others  advocate  motor  cars  carry- 
ing passengers,  it  is  found : 

a  estimates  $8  000  for  motors   and  trucks  for  locomotive. 

h  "  7  000  for  motor  car  without  body  (writer  has  de- 

ducted $1  000  for  body,  which  assumes  that 
trucks  were  estimated  to  cost  !g6  000;  both 
figures  and  their  sum  obviously  wide  of  the 
mark). 
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1-  0  estimates    ^6  000  for   motor    car    without  the  body  aud  air 

brakes. 
<t  "  5  000  for  motor  car  complete  witliout  bodies. 

e  No  estimate  given. 

The  variation  is  from  .<?5  000  to  .f8  000,  or  60%;  a  does  not  state 
whether  cab  is  included,  while  all  but  c  are  indefinite  about  brakes; 
this  inexactness  and  the  varying  capacity  in  horse-ijower,  together  with 
the  fact  that,  in  most  cases,  new  motors  would  have  been  built,  caused 
the  large  difference  in  estimated  costs. 

§«es^ioM -5.  —  Give  approximate  cost  of  trailers.  Cars  to  be  open 
cars,  with  cross  seats,  on  first-class  double  trucks. 

The  answers  are  of  no  particular  interest,  as  the  cost,  outside  of 
electric  light  wiring  and  braking  appliances,  is  dependent  upon  style, 
finish  and  local  requirements,  and  entirely  independent  of  the  use  of 
electric  traction.  Had  the  system  contemplated  been  one  where  every 
car  was  a  motor  car,  then  the  cost  of  electric  connections,  when  run- 
ning trains  of  two  or  more  motor  cars,  would  have  needed  careful  con- 
sideration. 

Question  4. — Is  it  desirable  to  have  horse-power  used  for  motorcars 
consolidated  in  one  unit  or  divided  into  two? 

The  companies  ai'e  unanimous  in  advocating  a  division  of  motor 
horse-power;  all  but  rf  advise  two  imits,  it  inclines  toward  four  motors 
(see  Question  1).  e  thinks  that  running  two  motors  in  series,  enabling 
the  use  of  1  000  volts  on  the  line,  would  be  of  advantage  in  saving 
three-fourths  the  weight  of  copper  as  compared  with  500  volts.  It 
would  be  interesting  to  know  how  this  company  proposed  to  operate 
and  control  the  motors,  and  w^hether  they  had  ever  done  it  at  this 
potential. 

Question  o. — What  is  the  best  method  to  transmit  the  power  of  the 
motor  to  the  axle,  by  gear  or  by  crank? 

a  recommends  gearless  or  geared  motors. 

b  "  gearless  motors. 

c  "  crank  and  parallel-rod  connections. 

d  "  single-reduction  geared  motors. 

e  "  geared  motors. 

In  the  light  of  history  it  is  interesting  to  study  these  recommenda- 
tions and  to  speculate  as  to  the  causes  influencing  the  statements  of 
each  company.  The  double-reduction  geared  motor  had  been  used  up 
to  the  first  part  of  1891,  although  the  Wenstrom  Company  had  adver- 
tised, and  nominally  placed  upon  the  market,  a  single-reduction 
geared  motor  during  the  latter  part  of  1890.  The  S.  R.  G.  motor  of  the 
Thomson-Houston  Company  was  the  first  practical  success  in  the 
single-reduction  field,  although  the  Wightman  came  out  about  the 
same  time,  as  well  as  the  Edison,  and  a  little  later  the  Westinghouse. 


CORRESPONDENCE  ON  ELECTRICITY  FOR  SUBURBAN  TRAFFIC.    193 

About  April,  1891,  the  Short  and  Westinghouse  companies  advertised  31  r.  Davis, 
the  gearless  motor,  and  in  the  fall  of  that  year  the  writer  had  the  op- 
portunity, at  Pittsburg,  of  testing  a  car  equipped  with  Short  gearless 
motors.     The  cost  of  building  the  gearless  motor  and  the  large  cur- 
rent used  by  it  when  starting  or  running  below  speed  were  causes 
which  lead  to  its  abandonment,  but  recent  developments  and  improve- 
ments point  to  its  possible  future  use  in  certain  fields  of  traction  work. 
In  1889  the  Edison  General  Electric  Company  was  formed  out  of  vari- 
ous allied  interests,  and  in  1890  this  comj)any  purchased  the  stock  of 
the  Sprague  Electric  Railway  and  Motor  Company.     In  the  same  year 
the  Thomson-Houston  Electric  Company  purchased  a  controlling  inter- 
est in  the  Brush  Electric  Company,  thereby  securing  a  majority  of  the 
stock  of  the  Short  Electric  Railway  Company.     The  absorption  of  the 
Sprague  Comj^liny  by  the  Edison  resulted  in  the  cancellation  of  terri- 
torial rights  of  the  former's  agents.    These  agents  sought  the  Westing- 
house  Company,  and  it  was  mostly  through  this  circumstance  that  the 
latter  company  became,  at  that  time,  active  in  the  street  railway  field. 
The    Thomson-Houston    Company  proposed    to    fiirnish    its    W.    P. 
(water-i^roofj  motors,  which  were   then   the  best  in  the  market  and 
the   least  experimental;  the   Short   ComjJany,    really   the   Thomson- 
Houston  Company,  so  far  as  its  j^roposal  to  the  Illinois  Central  Rail- 
road was  concerned,  offered  a  gearless  motor,  a  few  of  which  had  been 
on  the  market  about  six  months,  although  they  were  of  much  smaller 
size  than  those  necessary  for  the  proposed  work,  and  even  then  it  was 
seen  that  they  would  not  be  a  success.    This  company  was  used  by  the 
Thomson-Houston  Comj)any  to  double  its  chances  in  competition.    The 
Westinghouse  Company  was  suggesting  either  gearless  or  single-re- 
duction motors  so  as  to  cover  the  field;  its  railway  department  was  then 
suffering  from  lack  of  experience  and  engineering  ability  in  this  par- 
ticular line,  the  dei^artment  being  mostly  dependent  upon  the  exjieri- 
ence  of  sales-agents  from  the  Sprague  Comjiany,  although  some  special 
engineering  talent  had  also  gone  to  it;  these  agents,  however,  secured 
an   enormous  business  for  their  new  associates.     The  Edison  Com- 
pany, through  consolidations,   constant  changes  of  management  and 
internal  friction,   which  resulted  in  its  absorption  by  the  Thomson- 
Houston  Company  in  May,  1892,  had  so  demoralized  its  railway  motor 
work  as  to  have  little  of  value  to  offer  its  customers.  Its  single-reduction 
motor  was  not  a  success,  and  the  use  of  cranks  and  parallel  rods  for 
connections  between  motors  and  axles,  which  it  recommended  because 
of  its  recently  acquired  control  of  the  Eickomeyer- Field  methods,  was 
a  failure.     The  weakness  of  e  is  apparent  from  the  meager  information 
imparted  in  most  of  its  replies. 

Question  0. — -What  parts  of  motors  are  liable  to  give  the  most 
trouVile  from  breakages,  and  what  is  the  .best  and  quickest  method  of 
handling  motors  that  are  disabled  out  on  the  line,  and  to  avoid  the 
least  delays  to  traffic  ? 
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Mr.  Davis.  <i  tliinks  that  there  will  be  no  trouble  from  breakage  ;  gears  cause 
the  most  troubl*  according  to  b,  although  the  burning  out  of  fields 
and  armatures  may  do  so  also  ;  armatures  and  commutators  cause  the 
most  trouble  according  to  c ;  bearings  and  gears  in  the  opinion  of 
'//  and  gears  in  the  experience  of  e.  To  get  a  disabled  car  in  from 
the  line  it  is  variously  suggested  to  use  the  unafifected  motor,  dupli- 
cate trolley  wire  and  trolleys,  and  to  push  the  stalled  train  by  the  next 
succeeding  either  to  a  siding  of  terminal  ;  while  c  would,  under  some 
circumstances,  quickly  remove  the  connecting  rods,  presumably  with 
the  ease  of  steam  locomotive  practice  "for  the  past  40  years."  The 
answers  indicate  the  general  condition  of  the  motors  of  each  company. 
The  Westinghouse  Company,  from  lack  of  experience,  did  not  know 
what  parts  caused  the  most  trouble,  therefore  stated  there  would  be 
none.  The  Short  Company  favored  gearless  motors,  and  therefore 
thought  that  gears  would  most  frequently  break.  The  Edison  Com- 
pany had,  at  that  time,  been  troubled  with  burn-outs  due  to  lightness 
of  construction,  high  ratings  and  au  attempt  towards  too  great  electri- 
cal efficiency  at  the  sacrifice  of  repair  account,  resulting  in  great  casu- 
alties to  armatures  and  commutators  where  its  motors  were  used,  and 
therefore  stated  that  these  gave  the  most  trouble.  The  Thomson- 
Houston  Company  had  the  greatest  trouble  with  bearings  and  gears, 
for  in  its  mechanical  work  it  was  weak  as  compared  with  its  electrical 
work,  the  reverse  being  true  with  the  Westinghouse  Company  at  that 
time,  and  the  Thomson-Houston  Company  therefore  expressed  its 
belief  that  these  parts  would  need  frequent  renewals. 

Question  7. — What  is  the  best  known  brake  for  electric  cars  and 
motors  suitable  to  the  requirements  of  this  line? 

All  the  companies  answered  that  the  air  brake  operated  by  an  elec- 
tric motor  on  the  motor  car  would  give  the  best  results  ;  the  writer 
cannot  from  memory  state  whether  this  had  ever  been  done,  but  it 
certainly  had  not  passed  the  experimental  stage.  The  development  to 
date  is  not  what  has  been  hoped  for,  there  being  room  for  future 
improvements. 

Question  8. — What  is  the  largest  motor  now  manufactured,  and 
where  is  it  operated? 

The  answers  show,  as  stated  under  Question  1,  that  30  H.-P.  was 
the  largest  railway  motor  then  operated  in  passenger  service,  and  that 
therefore  each  company  proposed  to  furnish  entirely  new  motors, 
except  in  the  case  of  d,  which  proposed  four  motors  of  25  H.  -P. 

Question  9. — In  using  two  motors  on  a  car  it  was  understood  that 
the  motors  work  separately  on  both  forward  and  rear  trucks,  and  that 
the  motor  cars  do  not  have  to  be  turned  at  end  of  line. 

Question  10. — Can  both  motors  be  used  at  once  in  the  same  direc- 
tion, and  can  motors  be  reversed  on  line  in  an  opposite  direction,  and 
can  both  motors  be  operated  from  same  end  of  car  ? 
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Motor  cars  or  electric  locomotives  were  arranged  at  that  time  as  Mr.  Davis, 
now,  so  that  motors  could  be  run  together  or  separately,  reversed 
while  running,  operated  together  from  either  end  of  car,  and  the  en- 
tire machine  run  in  either  direction  ;  the  methods  for  accomplishing 
these  results  were  very  different  and  criide  then  as  compared  with 
those  used  to-day. 

Question  11. — If  the  motor  is  designed  for  a  speed  of  20  miles  an 
hour  with  a  certain  load,  can  the  speed  be  increased  with  a  less  load 
without  overstraining  the  motor  and  without  any  change  in  the 
mechanism,  and  Avhat  percentage  can  speed  be  increased? 

All  the  companies  answered  in  the  affirmative  ;  up  to  this  time 
motors  had  been  controlled  by  means  of  rheostats,  except  in  the  earlier 
exi^eriments  of  Mr.  Frank  J.  Sprague,  Avho  had  advocated  and  success- 
fully used  series-parallel  controllers.  It  was  about  the  winter  of 
1891-92  that  the  various  companies  began  using  series-parallel  con- 
troller stands  which  have  since  been  developed  to  their  present  effi- 
cient and  flexible  modes  of  handling  the  motor  equipments,  enabling 
the  motors  to  be  run  efficiently  and  satisfactorily  at  various  ranges  of 
speed,  without  jerking  at  the  starting  or  intermediate  i^oints  of  accele- 
ration, and  without  undue  heating  at  any  stage.  What  has  been  done 
in  the  past  is  likely  to  be  surpassed  in  the  future. 

Question  12. — In  how  short  a  distance  can  trains  described  above 
be  brought  to  a  stop  with  existing  brakes  from  a  speed  of  20  miles  per 
hour  ? 

Except  as  to  the  feasibility  of  operating  the  air  jjump  of  the  West- 
inghouse  air  brake  system  by  an  electric  motor  and  the  easy  and  quick 
reversal  of  the  motors,  the  length  in  feet  through  which  these  trains 
could  be  stopped  depended  upon  conditions  which  were  entirely  simi- 
lar to  steam  railway  practice.  This  question  has  been  the  subject  of 
many  elaborate  articles  with  interesting  tests,  and  is  a  matter  outside 
the  objects  of  this  paper. 

Question  13. — Upon  the  line  under  consideration,  what  would  be 
the  best  location  for  the  power  house,  taking  into  consideration  that 
after  the  World's  Fair  the  line  will  be  extended  7  miles  south,  and 
that  trains  will  have  to  stop  at  suburban  stations  at  intervals  of  \ 
mile. 

All  but  h  and  e  took  the  view  that  the  station  should  be  located 
at  the  middle  of  the  line;  b  thotight  that  within  2  or  3  miles  of  this 
point  would  be  safe  to  work  in,  while  c  was  the  only  one  which  advo- 
cated a  location  nearer  the  end  from  which  the  extension  was  to  be 
made;  c  and  d  thought  an  additional  station  desirable,  after  the 
World's  Fair  was  ovei-,  each  dividing  the  line  into  three  parts.  The 
answers  to  this  question  show  how  little  thought  was  given  to  the 
problem  by  most  of  the  companies.  For  the  most  economical  distri- 
bution of  electrical  energy,   the  power  house  should,    of  course,  be 
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Mr.  Davis,  located  at  the  center  of  gravity  (so  to  speak)  of  tlie  units  to  be  moved. 
This  may  or  may  not  be  the  middle  of  the  line.  It  is  determined  by 
treating  the  trains  as  weights  located  as  they  would  be  at  the  time  of 
the  heaviest  travel.  This  factor  is  rarely,  if  ever,  the  limiting  one  in 
locating  a  power  house.  The  question  of  available  estate,  delivery  of 
coal,  proximity  of  water,  future  growth  and  the  like,  are  usually  of 
more  importance,  while  the  center  of  gravity  is  more  or  less  widely 
departed  from.  As  the  business  from  the  World's  Fair  was  only  for  a 
few  months,  it  would  have  been  cheaper,  in  the  long  run,  to  locate  the 
power  station  or  stations,  iri'espective  of  this  factor.  This  would  have 
made  it  necessary  to  put  up  additional  temporary  feeder  lines  and  take 
them  down  when  no  longer  necessary,  rather  than  in  the  future  labor 
under  the  disadvantage  of  a  station  much  too  large,  if  located  at  the 
right  point,  when  an  additional  station  was  erected  for  the  extension; 
or  the  disadvantage  of  a  station  poorly  located,  although  large  enough, 
should  it  alone  be  used  when  the  line  was  extended. 

Question  14. — How  much  power  plant  would  be  required  to  operate 
from  sixty  to  seventy  trains  of  65  to  70  tons  each  at  a  speed  of  20  miles 
per  hour  '? 

Question  15. — What  excess  power  will  be  required  in  such  a  plant, 
if  any  ? 

Question  16. — What  would  you  recommend  as  to  the  i)roper  units 
into  which  this  power  should  be  divided  ? 

Question  17. — If  the  requirements  for  power  should  be  reduced  50% 
after  the  World's  Fair,  what  power  of  each  unit  would  you  recom- 
mend ? 

Answers  were  as  follows: 


Horse- 
power, 
Question 
14. 

Excess 
horse- 
power. 

Total 
liorse- 
power. 

HORSE-POWEK   OF 
EACH    UNIT. 

Total  horse- 
power    of 
trains  (70). 

Difference 
In  horse- 

Dynamo. 

Engine. 

power. 

tn.)  

4  800 
8  000 

5  000 
4  000 

12  500 

8  000 
3  000 

"I'ooo 

2  500 

13  800 
10  000 
5  000 
5  000 
15  000 

800 
500 
400 
500 
750 

800 

1000 

400 

500 

1500 

10  500 
10  500 
7  000 
7  000 
14  000 

-12  300 

(h) 

—    500 

(c)    

-3  000 

(d) 

— 2(J00 

(e)  

+1000 

Why  a  should  desire  IGB^"  additional  capacity  as  spare  machinery 
is  hard  to  understand  except  on  the  score  of  ignorance  or  unreliable 
apparatus.  It  is  also  hard  to  see  the  advantage  of  two  generators 
direct-connected  to  one  engine  as  in  the  case  of  h;  no  one  would 
think  of  one  1  000  H.-P.  dynamo  driven  by  two  500  H.-P.  engines  on 
the  ground  that  "  one  engine  (dynamo)  might  break  down."  c,  as  was 
its  usual  tendency,  estimated  on  a  low  capacity  with  no  surplus;  (/ 
was  below  c,  which  was  unusual  with  this  company,  as  it  too  often  in- 
stalled apparatus  entirely  too  large  for  economical  work;  this,  however. 
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coultl  be  explained  by  its  desire  to  make  a  low  bid.     The  following  vari-  Mr.  Davis, 
ations  between  highest  and  lowest  are  interesting. 

1.  Horse-power,  Question  14 212% 

2.  Excess  horse-power 700% 

3.  Total  horse-power 200% 

4.  Horse-power  of  each  unit  (dynamos) 100% 

5.  *'  "  "  (engines) 275% 

6.  Total  horse-power  of  trains 100% 

7.  Difference  in  horse-power   (total  horse-power  in  station  and 

total  in  trains) 215% 

Such  variations  are  astonishing  when  one  realizes  that  even  at  that  ' 
time  the  efficiency  of  boilers,  engines,  generators,  line  and  motors  was 
known  with  reasonable  accuracy,  even  if  parts  of  the  system  were  un- 
economical when  compared  with  aj^paratus  of  to-day.  There  is  no 
dotibt  that  a  large  part  of  the  variation  was  due  to  inaccuracy  in  the 
estimated  horse-power  required  per  train,  and  to  the  element  of  judg- 
ment in  estimating  the  maximum  station  load  and  a  desirable  surplus. 

Question  18. — How  many  square  feet  in  space  will  be  required  for 
the  erection  of  steam  and  electric  power  plant,  including  boiler 
house  ? 

Question  19. — Give  your  opinion  as  to  the  most  economical  and 
best  kind  of  boilers,  engines  and  generators  to  use  for  such  a  plant. 

Question  20. — Give  approximate  cost  of  power  plant,  to  erect  en- 
gines, boilers,  generators,  separately. 

Question  38. — Do  you  recommend  horizontal  or  upright  engines  ? 

Question  39. — What  is  the  best  form  of  connection  between  engines 
and  generators,  belts  or  countershaft? 

Question  40. — Are  high  or  low  speeds  preferable,  and  about  how 
many  revolutions  per  minute  ? 

The  following  variations  in  area  required  depend  upon  the  peculiar 
design  of  steam  plant  recommended  by  each  company,  such  as  whether 
generators  were  belted  or  direct-connected: 


Square  Feet  Ground. 

Boilers. 

Engines. 

Generators. 

One  story. 

Two 
stories. 

(a)... 
(6)... 

(C)... 

(d)... 
tel  ... 

75  000 
43  750 

15-25  000 

25  3(5 

27  300 

21  875 
12  000 

B.  &  W. 
Water-tube.   | 

.         ..       i 

\ 

B.  &  W.        { 

Climax.       \ 

Corliss,  300  revs. 

Horizontal  Corliss,  100 
revs. 

Horizontal  compound, 
condensing  medium 
speed,  100  revs. 

Compound  or  triple- 
expansion,  100  revs. 

Vertical  triple  con- 
densing Corliss,  100 
revs. 

Westinghouse. 
1  Direct-connected. 

1    ■■      ■■ 
j    .^      .. 

1    ■■      ■■ 

11)8    CORKESPONDENCE  ON  ELECTRICITY  FOK  SUBURBAN  TRAFFIC. 

Mr.  Davis.        It  will  be  seen  that  in  each  case  the  following  space  per  horse- 
power has  been  allowed: 


Square  Feet  (iUound. 

Horse-power. 

Square  feet  per  horse-power. 

One  story. 

Two  stories. 

(a^^ 

75  000 

43  750 

15-25  000 

25  375 

27  300 

12  800 

10  000 

5  000 

5  000 

15  000 

5.85 

(b) 

(c) 

(d)  

21  875 
12  000 

4.37 

3.00-5.00 
5  07 

(e) 

1.80 

a  intended  to  use  belted  or  rope-driven  apparatus  without  shaft- 
ing, e  saved  space  by  the  lase  of  vertical  boilers  and  engines;  un- 
less ample  boiler  power  were  furnished  so  as  not  to  force  them  when 
in  use  and  good  water  were  obtainable,  the  use  of  vertical  boilers 
would  have  proved  undesirable.  The  estimates  of  cost  for  power 
plant  with  building  complete,  but  without  real  estate,  are  as  follows : 


Cost. 

Horse-power. 

Pee  Horse-Power. 

Steam  plant. 

Electric  plant. 

Building. 

Total. 

$475  000 

1000  000 

320  000 

455  000 

1  169  000 

12  800 
10  000 
5  000 
5000 
15  000 

$55(?) 
40 
46 

$35"'{?i 
24 
35 

$10  "' 

"lo" 

$37 

(h) 

100 

(c) 

64* 

Id]  ......  .... 

91 

(e) 

78 

*  Without  building. 


These  total  costs  vary  216%,  if  $10  per  horse-power  is  added  as 
in  other  cases  for  buildings,  not  included  in  c's  estimate,  and  the 
variation  is  170%  in  cost  per  horse-power,  or  35%  if  the  Westinghouse 
belted  ajaparatus  is  omitted.  When  it  is  considered  that  these  are 
estimates  upon  plants  which  have  neither  been  located  nor  designed,  a 
variation  of  35%  in  the  cost  per  horse-power  on  the  same  type  of 
machinery  is  not  unreasonable;  the  variation  in  the  aggregate  cost  is 
mostly  due  to  the  200%  variation  in  the  amount  of  horse-power  recom- 
mended as  necessary. 

Question  21. — Give  estimated  cost  for  operating  power  jjlant,  with 
coal  at  31  per  ton. 

Question  30. — How  much  will  it  cost  to  operate  this  system  per 
mile,  per  motor  and  per  car,  and  also  per  passenger  per  mile? 

Without  rei:)eating  details  the  various  estimates  were: 
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Hours 
run. 

Average  horse-power. 

Total 
horse-power. 

Operating  Cost  per 
Year. 

Total. 

Per  average 
horse-power. 

la) 

18 
18 
18 
18* 

12  800 
10  000 
5  000 
5  000 
15  000 

$60  000 

225  000 

52  560 

96  794 

222  650 

\b) 

c) 

id) 

(e) 

7  50b" 

Coal  and  labor  only. 

2  666 

Depreciation  and  repairs  omitted. 

S30 
"36 

Mr.  Davis. 


*  In  the  case  of  e  the  figures  have  been  interpolated  from  12  hours  to  18  hours  per 
day,  adding  $190  per  day  for  the  additional  time. 

Again  the  variation  in  ojierating  expenses  is  due  to  the  large  dif- 
ferences in  the  estimated  average  power  required. 

The  Thomson-Houston  Company  gives  the  cost  of  motive  power  as 
follows  per  car-mile:  Station,  0.0069  cent;  line,  0.0005  cent;  motors, 
0.0088  cent;  total,  0.0162  cent. 

a  estimates  cost  of  operating  per  locomotive-mile .  9-10  cents. 

b  "  "  "  "     car-mile 12.5  cents. 

d  "  "  "  "  "        at 0.0112  cent. 

The  above  strongly  indicates  the  unreliable  and  inaccurate  nature 
of  the  data  given;  a  does  not  make  it'  clear  what  part  of  the  ques- 
tion is  answered;  b  is  the  only  clearly  stated  answer;  while  c  and 
€  do  not  reply,  and  <l  gives  0.0112  cent  as  the  cost  per  car-mile, 
which,  however,  only  includes  station  power  and  line  transmission. 

Question  23. — What  is  the  best  method  of  transmitting  power  from 
power  house  to  motors? 

Question  24. — If  by  the  use  of  conduit,  give  estimated  cost.  If  by 
the  three-rail  system,  give  cost.  If  by  the  overhead  trolley  system, 
give  cost. 

Question  25. — If  the  overhead  trolley  system  is  used,  what  is  the 
best  method  for  supporting  wire,  and  how  far  should  the  supports  be 
apart  ? 

Question  20. — (1)  What  size  should  trolley  wire  be  ?  (2)  What  size 
should  feed  wires  be,  and  what  distance  ajjart  should  they  feed  into 
the  trolley  wire  ?  (3)  Give  probable  cost  of  repairs  and  maintenance 
of  three  systems. 

Question  42. — What  will  be  the  percentage  of  loss  in  power  between 
the  steam  engine  and  the  motor  ? 

The  companies  were  unanimous  in  recommending  the  overhead 
trolley.  It  would  be  interesting  to  see  what  views  they  would  express 
to-day,  based  upon  exjierience  in  the  use  of  a  third  rail  on  elevated 
systems,  underground  conduit  work  on  surface  street  roads,  the  failure 
of  special  trolley  work  on  the  New  York,  New  Haven  and  Hartford 
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Mr.  Davis.  Railroad,  and  the  latter's  only  moderately  successful  use  of  the  third 
rail  on  tracks  which  are  not  elevated. 

a  makes  the  total  efficiency  about 57.5  per  cent. 

b         "  "  "  51.1 

c  "  "  "  63.7 

(According  to  figures,  although  total  is  stated  at  50  per  cent.) 
e  makes  the  total  efficiency  about 85 . 0  cents. 

The  estimated  costs  vary  even  more  than  other  figures  given.  They 
are  tabulated  below,  some  of  the  amounts  having  been  calculated  from 
data  given  in  answer  to  other  questions  : 


Cost  of 

Number 

of 
trains. 

Overhead 
line. 

Feeders. 

Rail 
return. 

Total. 

Kind  of  work. 

(« ) 

ib).... 

(c) 

(d^ 

(19  066 

\  22  000 
10  000 

112' 666 
150  000 
75  000 

6  039 

37" 566 

150  000 
131  000 
172  000 
122  500 
40  000 

40 
1      50 

40 

Wooden  center  pole. 

Size  of 
trolley 
wii'e. 

Feeders  tap  in 
every 

Repairs. 

Loss  in  line. 

(O  ) 

00 
00-000 
0000 

00 

2  640  ft. 
.500  '■ 
100  " 

566 'ft. 

20     per  cent. 
15 

(6>  

(e)  

18 

(d) 

20 

(e) 

7.5 

Rail  return  work  was  apparently  not  included,  except  in  one  case, 
so  that,  should  it  be  added  to  the  other  figures,  at  the  estimated  cost 
as  given  by  c,  there  is  a  variation  of  423%'  in  total  cost,  and  166%'  in 
loss  in  line.  Taking  two-braid  weather-proof  0000  wire  weighing  671 
lbs.  per  1  000  ft.,  and  15  cents  per  pound  as  the  price  of  wire  at  that 
time,  and  cost  of  stringing,  cross-arms,  insulators,  etc.,  at  1  cent  a 
pound  (approximate),  b  must  have  estimated  on  about  the  equivalent 
of  1  596  000  ft.  of  0000  wire,  while  d  proposed  using  only  60  000 
ft.  of  the  same  size  wire.  Had  b  obtained  an  average  loss  of  15%" 
with  the  amount  of  copper  proposed,  1  071428  lbs.,  what  would  d 
have  obtained  with  only  40  260  lbs.?  6  was  figuring  on  25%  more 
trains.  The  average  horse-power  per  train  is  given  by  h  as  100  in  the 
answer  to  this  question,  and  170  in  the  answer  to  Questions  18,  19  and 
20.  d  gives  it  as  66.5  H.-P.  The  former  recommended  150  to  200 
H.-P.  per  car  as  equipment,  and  the  latter,  100  H.-P.      Assuming  100 
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H.-P.  as  correct,  in  the  first  case,  b  estimated  on  bO%  more  power  Mr.  Davis, 
per  train  than  d.  The  loss  in  line,  in  this  case,  would  be  directly 
as  the  power,  and,  if  the  loss  is  doubled,  the  weight  of  copper  is  re- 
duced to  one-quarter;  therefore  d,  assuming  that  b  has  estimated 
the  loss  correctly,  seems  to  have  figured  on  a  drop  of  about  '60%, 
although  stating  it  to  be  only  10%  (remembering  that  b  proposes  one 
power  house,  and  d  two,  therefore  halving  the  feeding  distance  in 
the  latter  case).  Other  discrepancies  ajipear  in  the  answers,  a  ex- 
presses the  opinion  that  it  costs  nothing  to  maintain  line  work,  while 
e  has  little  to  say  on  the  subject. 

Question  31. — -Is  there  any  electric  line  in  operation  similar  to  the 
one  under  consideration? 

As  stated  in  the  answers,  there  were  none;  nor  are  there  any  to-day, 
although  some  of  those  at  present  in  operation  more  nearly  approach 
the  conditions  of  the  Illinois  Central  Railroad.  In  the  year  1892  the 
first  serious  attemjats  were  made  to  build  cross-country  trolley  roads  of 
high  speed,  operating  on  schedule  times  similar  to  steam  railways. 
Among  the  first  of  these,  designed  and  built  by  the  writer  as  chief 
engineer,  was  the  Washington,  Alexandria  and  Mount  Veroon  Electric 
Railway,  about  10.5  miles  long,  upon  which  was  made  a  time  of  22 
minutes  from  terminal  to  terminal,  or  about  an  average  of  35  miles  an 
hour  exclusive  of  stops.  This  was  done  with  single-reduction  double 
W.  P.  50  Thomson-Houston  Company  motors,  double-truck  34-ft.  cars 
pulling  one  trailer  of  similar  size.  The  generators  were  two  150  kilowatt 
bi-polar,  Edison  tyi^e,  belt  driven  by  Greene  condensing  engines,  and 
steam  was  furnished  by  retux'n  tubular  boilers.  In  the  operation  of 
this  system  the  writer  tested  a  single  motor  car  with  and  without  a 
trailer.  Without  giving  the  details,  a  train  often  took  over  200  amperes 
(131  H.-P.  at  500  volts)  for  a  time,  while  the  maximum  loads  never 
exceeded  67  000  lbs.,  and  the  speed  with  this  load  about  20  miles  per 
hour.  This  road  could  not  be  compared  with  the  problem  under  dis- 
cussion, but  these  figures  indicate  that  the  motor  equipments  projjosed 
would  not  have  done  the  work  required  of  them. 

Question  34. — Is  it  possible  and  practicable  to  carry  from  20  000  to 
30  000  passengers  per  hour  with  electric  jiower  iinder  the  conditions 
named? 

Question  3-5. — Is  it  possible  and  practicable  to  equip  and  install  this 
plant,  ready  for  full  and  complete  ojieration,  by  March  1st,  1893? 

Question  36. — How  soon  will  it  be  necessary  to  award  the  contract 
for  the  above  plant  in  order  to  have  the  line  ready  for  ojjeration  by 
March  1st,  1893? 

Question  37. — Would  your  company  guarantee,  on  your  own  si^eci- 
fications  and  at  an  agreed  i^rice,  the  successful  installation  and  opera- 
tion of  this  plant  by  March  1st,  1893,  with  guaranteed  capacity  of 
20  000  people  per  hour  in  one  direction? 
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Mr.  Davis.  These  were  all  answered  in  the  affirmative  except  the  last  question, 
answers  to  which  were  omitted  by  c  and  e.  The  daring  and  enter- 
prise of  the  electric  companies  was  surprising  when  it  is  considered 
that  what  they  proposed  to  undertake  was  to  design  and  build  motors, 
trucks  or  motor  connections  to  existing  standard  trucks,  generators 
and  the  hundred  and  one  modifications  in  existing  devices  of  switch- 
boards, wiring,  etc.  However,  an  analysis  of  the  data  given  by  them 
evidently  could  not  have  encouraged  the  engineering  department  of 
the  Illinois  Central  Railroad  Company  to  make  the  change. 

Question  41. — What  is  the  proper  size  of  wheels  for  motors  and  for 
trailers? 

a  recommends  42  in.  for  motor  cars;  33  in.  for  trailers. 

b  "  42      "  "  "     33    " 

c  "  30      "  "  "     30    " 

e  "  48      "  "  "     48    " 

I  Axle  Revolutions  Per  Minute  at  Given  Miles  Peb  Hour. 


Circumference         20  .30  35  40  50  mUes  per  hour,  or 

'    of  wheel  in 

feet.  1  reo       2  &iO        3  080       3  520        4  400  ft.  per  minute. 

S  Express  time,  min- 
utes. Van  BurenSt. 


(  to  World's  Fair. 


(a) 11  160  I       aiO  280  320  400 

(6) 11  160           340  280  1       320  400 

(c) ~.i>^  225           337  393  I       450  I       562 

(e) 12.5  140  I       210  245  380  350 


At  the  time  of  the  World's  Fair  the  average  time  from  Yan  Buren 
Street  to  the  exposition  grounds  was  12  minutes,  or  an  average  of 
about  37. 5  miles  per  hour  for  express  service.  This  would  indicate 
that  at  times  nearly  50  miles  per  hour  was  attained  by  steam  locomo- 
tives performing  this  service,  so  that  the  entire  electrical  equipment 
proposed  at  that  time  would  have  been  much  too  light  to  perform  the 
actual  work  done  later  by  steam. 

The  axle  speeds  are  given  in  the  table.  If  the  ratio  was  four  be- 
tween armature  and  axle,  low  for  motors  at  that  time,  the  motor  speed 
would  have  been  such  that  those  proposed  could  not  have  maintained 
the  required  train  speeds. 

The  preceding  analysis  of  the  answers  leads  to  the  following  main 
conclusions : 

A  large  part  of  the  apparatus  would  have  been  built  new.  As  the 
design  of  electrical  appliances  is,  even  to-day,  more  largely  experi- 
mental than  in  almost  any  other  branch  of  engineering,  it  was  unlikely 
that  the  attempt  would  have  been  highly  successful. 
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Estimates  of  initial  costs  and  of  oi^eration  were  only  approximate  Mr.  Davis, 
and  evidently  very  inaccurate. 

The  motor  equipments  proposed  wonld  not  have  been  able  to  handle 
the  express  service  to  the  exposition  grounds. 

The  adoption  of  electric  traction  would  have  resulted  in  loss  of 
business  due  to  slowness  of  trains  as  compared  to  what  was  done  with 
steam  locomotives. 

Although  the  change  would  undoubtedly  have  been  made  in  time 
and  the  road  would  have  operated  and  carried  an  enormous  number 
of  passengers,  yet  the  net  results  would  have  been  a  failure,  so  far  as 
the  Illinois  Central  Railroad  Company  was  concerned. 

John  Flsdley  Wallace,  M.  Am.  Soc.  C.  E. — The  discussion  of  this  sir.  Wallace, 
paper  has  been  rather  along  general  than  sijecific  lines,  presumably 
because  few  installations  of  electric  power  even  approaching  so  heavy 
a,  service  as  is  required  by  the  suburban  traffic  of  the  Illinois  Central 
Kailroad  are  in  operation.  As  illustrating  the  service  of  the  Illinois 
Central  Railroad  m  comparison  with  that  of  two  electric  elevated  roads, 
the  accompanying  speed  diagrams  (Fig.  4)  are  submitted.  In  the  case 
of  the  Illinois  Central,  the  total  train-load  was  260  000  lbs. ;  in  that  of 
the  Metropolitan  Elevated,  the  load  was  100  000  lbs. ,  and  in  that  of  the 
Lake  Street  Elevated  the  load  was  120  000  lbs.  It  will  thus  be  seen 
that  the  Illinois  Central  suburban  service  is  much  heavier  than  that  of 
the  other  roads  exemplified,  both  as  to  weight  of  train  and  speed 
attained.  A  study  of  these  diagrams  will  develoji  the  advantage  of  re- 
duction of  dead  load  hauled  as  compared  with  load  of  passengers, 
which  at  best  is  but  a  small  fraction  of  the  total.  This  reduction  of 
dead  load  seems  to  be  one  of  the  principal  advantages  of  traction  by 
electric  power.  To  attain  the  speed  required  by  the  Illinois  Central 
schedule,  the  power  ajiplied  to  the  hauling  of  the  elevated  train  illus- 
trated would  require  to  be  considerably  increased,  taking  into  account 
both  the  elements  of  maximum  sjjeed  attained  and  the  distances  between 
stops. 

The  powerful  character  of  the  suburban  engines  of  the  Illinois  Cen- 
tral is  indicated  by  the  data  given  in  the  paper,  and  the  speed  diagrams 
show  that  these  engines  are  being  worked  to  their  full  capacity,  and  of 
necessity  beyond  their  maximum  economy  in  the  production  of  power. 
The  fuel  consumjjtion  runs  something  over  90  lbs.  of  Illinois  coal  jjer 
train-mile. 

The  increase  of  the  number  of  trains  involved  in  changing  the 
present  system  of  heavy  trains  to  that  of  one,  two  or  three  car 
trains,  including  motor  cars,  introduces  the  question  of  allowable 
speed  under  short  headways.  Powerful  motors  would  naturally  be 
required  in  order  to  accelerate  quickly,  so  making  any  schedule 
called  for  with  the  least  expenditure  of  energy.  Fig.  5  shows  the 
maximum  speeds  required  to   be    attained    for  diflferent  distances  of 
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acceleration  and  retardation  between  stops  for  various  time  schedules  Mr.  Wallace, 
between  Randolph  and  Sixty -third  Streets,  the  limits  of  the  local  subur- 
ban service  as  distinguished  from   the  express.      It  will  be  noticed 
by  examination  of  the  diagram  that  the  principle  of  quick  accelera- 
tion involving  less  expenditure  of  total  energy  is  well  illustrated,  see- 
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ing   that  total  energy    of    acceleration   varies    approximately   as   the 
square  of  the  maximum,  speed  attained. 

It  is  somewhat  curious  to  note  in  the  discussion  of  this  jjaper  the 
following  diametrically  opposed  opinions: 
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Mr.  Wallace.  Mr.  Clarke:  "  To  make  a  city  elevated  railway  a  success,  the  sur- 
face elevated  system  must  be  copied  and  not  the  steam  locomotive 
system  of  long  trains  at  greater  intervals." 

Mr.  Knight:  "The  direction  in  which  progress  lies  is  apparently 
in  the  line  of  larger  trains  moving  more  rapidly.  The  whole  object 
of  the  elevated  railway  is  speed,  and  speed  cannot  be  had  with  short 
headways." 

Perhaps  the  best  reason  which  might  be  given  for  this  difference 
of  opinion  is  that  each  was  considering  different  conditions  of  train- 
loading.  One  evidently  had  in  mind  a  uniform  loading,  and  the  other 
was  considering  the  exigencies  of  the  morning  and  evening  rush.  Fig. 
6  illustrates  the  conditions  holding  on  the  Illinois  Central  local  subur- 
ban service  during  an  average  day  ;  the  maximum  number  of  i>assen- 
gers  carried  per  minute  on  the  peak  of  the  evening  load  being  called 
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Fig.  6. 
100  for    convenience,  and    the   number   carried  per   minute  at  other 
times  of  the  day  being   indicated   by   a  percentage  of  this  assumed 
maximum.     Figs.  7,  8  and  9  indicate  the  number  of  cars  per  hour  in 
service  on  both  local  and  express  trains. 

Taking  care  of  the  peak  of  the  load  is  of  the  utmost  importance,  as 
in  the  morning  and  evening  rapid  transit  is  more  urgently  called  for 
than  at  any  other  time.  The  heavy  draft  of  power  and  the  violent 
fluctuations  of  load  on  the  power  house  during  the  evening  peak  con- 
stitute one  of  the  main  difficulties  to  be  contended  with  in  an  electric 
installation,  as  much  of  the  machinery  generating  power  at  that  time 
is  idle  during  the  greater  part  of  the  day.  Whether  the  storage  bat- 
tery will  solve  the  difficulty  or  not  is  more  or  less  a  matter  of  specu- 
lation so  far  as  a  service  such  as  that  of  the  Illinois  Central  is 
concerned. 
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Mr.  Wallace  The  wide  differences  of  opinion  among  electrical  experts  as  to  the 
cost  of  an  electrical  application  at  the  present  time  as  well  as  in  1892 
is  due  largely  to  the  differences  in  their  ideas  as  to  the  details  of 
power  and  speed  requirements.  Slow  speed  and  a  greater  distance  in 
which  acceleration  is  permissible  in  order  to  obtain  the  maximum 
speed,  are  important  factors  in  the  matter  of  cost. 

Mr.  Clarke  says:  "  The  author  should  have  added  that  the  electric 
system  is  better  adapted  to  frequent  stops,  and  the  steam  locomotive 
to  stops  far  apart."  This  is  not  necessarily  the  case.  While  it  is 
true,  as  the  author  has  heretofore  stated,  that  the  electric  system  is 
adapted  to  small  units  of  transportation  moved  at  frequent  intervals, 
and  the  steam  locomotive  is  adapted  to  large  units  of  transjjortation 
moved  at  less  frequent  intervals,  it  does  not  necessarily  follow  that 
the  electric  system  is  better  adapted  to  frequent  stops  inside  of  cer- 
tain limits. 

The  author  does  not  agree  with  Mr.  Clarke  in  his  statement  that 
the  tendency  in  the  future  of  city  elevated  railways  will  be  towards 
light  structiires,  carrying  light  and  very  frequent  trains,  with  motors 
on  the  cars  themselves,  for  the  reason,  as  he  previously  stated,  that 
the  preference  for  elevated  roads  shown  by  the  jjublic  is  only  due  to 
the  increased  speed  of  the  latter  over  the  surface  lines,  and  increased 
speed  cannot  be  obtained  on  elevated  roads  with  the  lighter  equipment 
which  Mr.  Clarke  has  in  view,  particularly  on  account  of  the  fact  that 
the  greater  volume  of  traffic  on  lines  of  this  character  is  concentrated 
within  comparatively  short  periods  of  time,  and  the  maximum  number 
of  people  cannot  be  handled  durmg  these  busy  hours  with  small,  fre- 
quent units  of  transportation.  On  the  contrary,  it  will  be  necessary, 
especially  if  the  business  increases  still  further,  to  enlarge  the  size  of  the 
units  as  well  as  their  frequency,  to  provide  for  a  safe  headway  between 
trains  in  order  that  they  may  be  run  at  greater  speeds  than  no-w,  at 
the  same  time  enabling  them  to  carry  the  greater  number  of  people 
within  the  minimum  period  of  time. 

The  author,  however,  thoroughly  agrees  with  Mr.  Clarke  when  he 
says  that  the  main  advantage  of  electric  motive  power  is  the  fact  that 
it  will  provide  more  frequent  service  at  those  hours  of  the  day  when 
travel  is  light,  in  order  to  stimulate  business  by  giving  increased  con- 
venience, and  the  ability  to  do  away  entirely  with  regular  schedules 
for  the  running  of  trains.  This  remark  ajjplies  particularly  to  the 
conditions  existing  on  the  Illinois  Central  Railroad. 

The  economy  of  the  system  is  due  to  the  fact  that  electric  traction 
costs  less  per  unit  where  it  is  desired  that  the  units  be  small,  than  does 
steam  locomotion  for  the  same  service.  While  it  is  true  that  traction 
is  a  very  important  element,  the  weight  of  powerful  electric  motors  in- 
creases in  such  proportion  that  additional  traction  is  also  furnished. 
The  author  does  not  wish  to  be  iinderstood  as   favoring  electric  loco- 
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Fig.  8. 
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Mr.  Wallace,  motives,  but  his  investigations  so  far  incline  him  to  prefei-  motor  cars 
of  sufficient  power  and  weight  to  haul  trailers;  these  motor  cars,  how- 
ever, to  be  jjrovided  with  the  maximum  seating  capacity  for  passengers 
jjossible. 

One  of  the  practical  difficulties  in  the  way  of  placing  motors  on  each 
axle  of  the  car  and  on  several  cars  of  the  train,  and  coupling  them  up 
so  that  they  can  all  be  used  and  under  the  control  of  one  motorman,  is 
that,  so  far  as  the  author's  investigations  have  gone,  there  is  as  yet  no 
perfect  and  adequate  controller  in  use  in  the  United  States  which  will 
provide  for  the  proper  manipulation  of  more  than  tAvo  motors.  In  the 
recent  inqviiries  which  he  has  made,  he  has  endeavored  to  lind  a  con- 
troller that  would  operate  four  motors  under  one  car,  that  is,  one  on 
each  axle;  and  found  that  the  two-motor  controller  was  virtiially  the 
limit  of  present  practice  in  the  United  States.  While  electric  com- 
panies claim  to  have  controllers  to  operate  four  motors  on  the  axles,  the 
motors  are  only  two  two-motor  controllers.  This  i:)roblem  has  evi- 
dently not  yet  been  solved. 

Mr.  Prout  states  that  it  is  "  improbable,  in  the  light  of  ji resent 
knowledge  of  the  subject,  that  the  traffic  now  handled  by  steam 
traction,  if  carried  in  the  same  manner  and  at  the  same  intervals, 
could  be  handled  cheaper  by  electricity."  He  is  correct  in  this 
statement.  In  the  Illinois  Central  local  suburban  application  over 
that  portion  of  its  service  between  Randolph  and  63d  Streets,  it 
developed  that  a  comparatively  small  economy  would  result  from 
the  substitution  of  electric  for  steam  locomotives  on  the  present 
schedule  and  with  the  present  units  of  transportation,  but  it  was 
shown  that  to  give  the  frequent  service  desired  and  contemplated 
under  the  electric  application,  a  lai-ge  saving  would  be  effected  by  the 
use  of  electric  power. 

In  regard  to  his  statement  relative  to  the  difference  of  opinion  be- 
tween the  former  and  present  general  managers  of  the  Manhattan  Ele- 
vated Railway  as  to  the  economy  of  the  electric  application,  the  mere 
fact  that  two  gentlemen  of  such  wide  exj)erience  in  transportation 
matters  should  differ  in  opinion  is  in  itself  satisfactory  evidence  that 
electrical  engineers  have  yet  much  to  learn  in  regard  to  railroad 
conditions,  and  that  their  statements  are  based  more  on  their  individual 
beliefs  as  to  what  can  be  done  than  upon  actual  facts  and  figures. 

Since  the  paper  was  written,  the  author  has  been  giving  close  atten- 
tion to  the  study  of  this  problem  as  applied  to  the  Illinois  Central 
local  suburban  service.  It  has  been  found  that  the  requirements  on 
the  Illinois  Central  as  to  speed  and  acceleration  are  approximately 
double  those  of  any  practical  application  of  electricity  to  a  similar  ser- 
vice to-day,  and  that  the  principal  electric  companies  are,  to  a  large 
extent,  still  groping  in  the  dark  as  to  the  proper  and  economical  solu- 
tion of  problems  of  this  kind. 
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Mr.  Wallace.  It  may  be  of  interest  to  know  tlie  manner  in  wliich  this  investiga- 
tion is  being  conducted  by  the  Illinois  Central  Railroad  Company. 
The  matter  has  been  placed  by  the  management  in  the  hands  of  an  ad- 
visory board  consisting  of  the  general  superintendent,  the  chief  engi- 
neer and  the  superintendent  of  machinery.  This  board  has  employed 
John  Lundie,  M.  Am.  Soc.  C.  E. ,  as  an  engineering  secretary  and 
expert,  with  proper  assistants,  to  carry  on  the  investigations  and  ex- 
aminations and  report  to  the  board.  Every  detail  of  the  problem  is  being 
carefully  looked  into  and  analyzed.  The  substitution  of  electricity  for 
steam  will  undoubtedly  be  made  if  the  results  of  these  investigations 
demonstrate  that  the  electric  service  will  be  as  economical  and  eflScient 
as  the  present  steam  service.  The  principal  object  of  the  change  is  to 
secure  a  more  frequent  service  during  the  hours  of  light  traffic,  if  it 
can  be  done  without  materially  increasing  the  expense  of  ojDeration,  in 
the  hope  that  thereby  business  will  be  increased.  A  minor  object  is, 
of  course,  to  avoid  the  annoyance  of  smoke  and  steam,  as  the  line  runs 
through  a  high-class  residence  portion  of  the  city. 
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THE  COMPRESSIBILITY  OF  SALT  MARSH  UNDER 
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WITH  DISCUSSION. 

The  importance  of  the  dredging  interests  in  and  about  the  great 
cities  of  the  sea  coast  cannot  easily  be  overestimated ;  the  very  existence 
of  the  harbors  and  channels  through  which  intercourse  with  the  out- 
side world  is  carried  on,  as  well  as  the  locations  of  piers  and  warehouses 
for  the  convenience  of  this  intercourse,  is  often  dependent  upon  the 
efficiency  of  the  dredge.  The  methods  formerly  employed  were  com- 
paratively expensive,  and  the  work  was  confined  to  the  improvement  of 
the  more  necessary  channels  and  the  filling  for  the  more  important 
docks,  warehouses  and  railroad  terminals  where  the  great  business 
transactions  warranted  large  outlays  of  money. 

The  present  reduced  cost  of  dredging  due  to  the  introduction  of 
hydraulic  methods  makes  practicable  many  plans  of  real  estate  develop- 
ment, which  up  to  the  time  of  these  improvements  could  not  be  con- 
sidered because  of  the  prohibitory  cost.  Among  these  projected  plans 
is  the  reclamation  of  tracts  of  marsh  or  meadow  land  bordering  the 
salt  water  creeks  and.  bays  in  the  vicinity  of  cities  and  large  towns. 
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The  extent  of  such  marsh  land  which  might  be  made  valuable  for  both 
business  and  residential  purposes  in  the  vicinity  of  New  York  may  be 
appreciated  when  it  is  considered  that  within  a  radius  of  15  miles  of 
the  City  Hall  the  area  of  such  land  is  three  times  as  great  as  that  of 
Manhattan  Island. 

The  growth  of  the  cities  and  the  increasing  demand  for  siimmer 
homes,  together  with  the  reductions  in  the  cost  of  dredging,  open  an 
important  and  comparatively  new  field  for  both  the  engineer  and  con- 
tractor in  the  reclamation  of  these  lands,  not  only  about  New  York,  but 
near  every  large  center  of  population  on  the  Atlantic  seaboard.  From 
the  standpoint  of  the  engineer  one  question  of  interest  in  an  investiga- 
tion or  report  on  such  a  proposed  work  is  the  compressibility  of  the 
marsh  under  the  weight  of  the  requisite  filling  material. 

During  the  fall  of  1894  an  opportunity  was  aflbrded  for  obtaining 
information  on  this  question;  the  author  was  called  upon  to  prepare  a 
specification  and  solicit  bids  for  the  reclamation  of  80  acres  of  such 
marsh  land  on  the  north  shore  of  the  Great  South  Bay,  opposite  Fire 
Island  Light,  at  Islip,  Siiffolk  County,  N.  Y.  The  imderlying  material 
is  sand  and  gTavel,  with  occasionalh'  a  little  clay,  the  surface  of 
which  slojjes  gradually  from  the  lower  edge  of  the  adjacent  upland 
to  the  bay.  This  marsh,  locally  known  as  "meadow,"  consists  of 
a  growth  of  various  salt  grasses  on  the  surface  of  the  mud  just 
above  the  level  of  ordinary  high  tide.  This  mud  is  the  accumulation 
of  decayed  seaweed  and  other  vegetable  matter,  and,  owing  to 
its  composition  and  location,  is  soft  and  compressible.  The  sui'^ 
face  of  this  meadow  sod  is,  so  far  as  the  author's  experience  and 
observation  goes,  practically  level  and  just  above  ordinary  high  tide, 
0.4  ft.  in  this  case.  This  sod  growth  forms  a  kind  of  leathery  cover- 
ing over  the  mud,  distributing  the  pressure  due  to  the  weight  of  the 
filling  material  above  ujion  the  mud  below,  and  preventing  it  from 
breaking  through  and  being  replaced  by  the  heavier  sand.  The  press- 
ure on  the  mud  from  the  fill  above  tends  to  increase  the  consistency 
of  the  mud  by  squeezing  out  the  water  until  a  condition  of  equilibrium 
is  reached.  It  is  a  matter  of  conjecture  whether  the  water  rises 
through  the  sand  and  adjacent  meadow  to  the  surface  and  is  dried 
out  by  the  air  or  oozes  horizontally  out  to  the  bay  and  creek;  prob- 
ably it  does  both. 

The  average  thickness  of  the  meadow  sod  and  mud  is  4. 3  ft. ,  the  maxi- 
mum thickness  being  9. 5  ft. ;  the  ordinary  rise  and  fall  of  tide  is  15  ins. 
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The  specification  called  for  a  fill  of  earth  to  a  height  of  3  ft.  above 
the  original  level  of  the  meadow  surface,  the  contractor  to  assiime  the 
responsibility  for  the  compression  of  the  meadow  sod  up  to  the  date 
of  completion  of  the  total  work.  As  the  contract  price  was  per  acre  of 
finished  fill  without  regard  to  the  compression  of  the  meadow,  the  in- 
vestigation as  to  the  compression  would  have  no  bearing  on  this 
undertaking,  but  the  opportunity  for  an  examination  of  the  matter 
was  too  favorable  to  be  neglected. 

The  total  area  to  be  filled  was  divided  into  squares  of  100  ft.  At 
each  corner  a  stake  was  driven  through  the  meadow  firmly  into  the 
underlying  sand  and  gravel,  and  the  top  was  sawed  off  at  the  3-ft. 
grade  level.  A  board  about  1  ft.  square,  with  a  short  stake  nailed  to 
one  edge,  was  placed  on  the  meadow  surface  at  the  side  of  each  grade 
stake,  the  shoi't  stake  being  pushed  into  the  meadow  sod  so  that  the 
board  could  remain  where  placed  at  the  surface  and  not  be  washed 
out  of  i^osition  as  the  filling  took  place.  The  thickness  of  the  meadow 
sod  was  ascertained  by  pushing  down  a  half-inch  iron  rod  to  the  sand, 
and  the  thickness  of  the  filled  material  from  the  surface  down  to  the 
board  was  similarly  determined.  By  referring  all  elevations  to  the 
tojj  of  the  grade  stake,  the  amount  of  compression  was  readily 
ascertained.  The  whole  area  includes  all  kinds  of  meadow,  from  hard 
to  soft,  so  that  the  result  may  fairly  be  considered  as  rej^resentative 
of  meadow  where  the  rise  and  fall  of  the  tide  does  not  differ  materially 
from  that  stated. 

The  contract  was  awarded  to  a  firm  which  used  one  hydraulic 
dredge,  equipped  with  an  18-in.  centrifugal  pump,  which  was  run 
at  a  maximum  sjDced  of  250  revolutions  per  minute.  The  suction 
and  discharge  were  also  18  ins.  in  diameter.  The  filling  material  was 
almost  entirely  sand  from  the  bay  and  from  canals  dug  through  the 
meadow;  the  sand  was  a  very  sharp  quartz,  which  caused  serious  wear 
on  the  pump,  which  was  finally  obviated  by  the  use  of  hardened  steel 
linings.  These  protected  the  pump  shell  and  could  be  readily  re- 
placed as  they  became  worn.  The  weight  of  the  filling  material  (sand) 
varies  from  2  875  lbs.  to  2  956  lbs.  dry  and  from  3  037  lbs.  to  3  118  lbs. 
wet  i^er  ciibic  yard,  the  wet  sand  being  about  5^^ heavier  than  the  dry. 

In  the  accompanying  tables  the  percentages  given  are  with  refer- 
ence to  the  thickness  of  the  meadow,  and  where  a  percentage  is  noted, 
in  order  that  its  projjer  value  may  be  apparent,  the  number  of  obser- 
vations of  which  it  is  the  average  is  noted.     A  subdivision  as  to  thick- 
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ness  is  also  made  into  five  classes  as  follows:  1.5  to  3.5  ft.  inclusive; 
3.6  to  4.5  ft.  inclusive;  4.6  to  5.5  ft.  inclusive;  5.6  to  6.5  ft.  inclusive, 
and  6.6  ft.  and  upward,  so  that  any  iseculiarity  due  to  different  thick- 
nesses might  be  disclosed.  It  is  also  proper  to  state  that  the  averages 
are  carried  out  to  tenths  of  1%  in  order  that  any  ratio  or  tendency 
shown  by  the  results  might  be  more  easily  noted  and  studied,  rather 
than  with  any  idea  of  determining  the  actual  compression  with  mathe- 
matical exactness  to  a  fraction  of  an  inch. 

TABLE  No.  1. — Percentages  or   Compression  for  Various  Periods 
AND  Depths  of  Meadow. 


Duration 

of 

Time. 


1  mo. . . 

2  mo8. . 

3  mos. . 

4  moB. . 

5  mos. . 

6  mos. . 

7  mos.. 

8  mos . . 

9  mos. . 

10  mos. . 

11  mos.. 

12  mos.. 


Percentage  of  Compression  and 

Number  op  Stations  observed, 

for  Thick- 

NESS  OF  Meadow  Sod  as  Sh  .. 

(VN  Below. 

1.5  to  3.5  ft. 

3.6  to  4.5  ft. 

4.6  to  5.5  ft. 

5.6  to  6 

5  ft. 

Over  6. 

5  ft. 

For  all 
thicknesses 
combined. 

Av.,2.7ft. 

Av..  4  ft. 

Av..  5 

ft. 

Av.,  5.9  ft. 

Av.,  7.9  ft. 

Per- 

No 

Per- 

No. 

Per- 

No. 

Per- 

No 

Per- 

No, 

Per- 

No. 

cent. 

sta. 

cent. 

sta. 

cent. 

sta. 

cent. 

sta. 

cent 

sta. 

cent. 

sta. 

7.7 

49 

10.6 

47 

11.7 

37 

10.0 

20 

10.9 

19 

10.0 

172 

10.1 

49 

14.2 

47 

14.8 

37 

12.8 

20 

14.8 

19 

13.1 

172 

11.8 

48 

15.0 

43 

16.4 

36 

12.8 

17 

16.5 

19 

14.3 

163 

12.3 

47 

16.0 

43 

17.1 

36 

13.8 

17 

17.5 

19 

15.1 

162 

12.5 

47 

16.4 

43 

17.6 

36 

14.4 

17 

18.2 

19 

15.5 

162 

12.9 

45 

16.9 

39 

IH.l 

31 

14.0 

11 

18.6 

19 

15.9 

148 

13.5 

43 

17.4 

36 

19.4 

28 

15.7 

9 

19.4 

19 

16.7 

135 

13.1 

39 

17.7 

27 

20.2 

25 

17.4 

7 

20.1 

16 

16.9 

113 

12.6 

36 

17.9 

22 

19.7 

17 

17.7 

7 

20.7 

14 

16.6 

96 

10.9 

32  1 

17.0 

19 

20.0 

12 

18.3 

6 

21.6 

13 

16.2 

82 

11.1 

25 

17.8 

13 

20.8 

10 

24.0 

2 

22.0 

13 

16.7 

63 

11.1 

21 

20.5 

4 

22.. S 

6 

26.0 

1 

27.6 

6 

16.9 

38 

TABLE  No.  2. — Distribution    of   the   Total   Percentage    of 
PRESSioN  Throughout  the  Successive  Months,  for 
All  Thicknesses  Combined. 


Com- 


No.  of 
stations. 

Total  per- 
centage ot 
compr. 

1st 
mo. 

2d 
mo. 

3d 
mo. 

4th 
mo. 

5th 
mo. 

6th 
mo. 

7th 

mo. 

8th 
mo. 

9th 
mo. 

0.1 
0.2 
0.4 
0.3 
0.3 
0.4 

10th 
mo. 

0.4 
0.4 
0.3 
0.3 

0.4 

11th 
mo. 

12th 
mo. 

12.... 

34.... 

88.... 

63.... 

82.... 

96.... 
113.... 
135.... 
148.... 
162.... 
162.... 
163.... 
172.... 

22.4 
16.5 
16.9 
16.7 
16.2 
16  6 
16.9 
16.7 
15.9 
15.5 
16.1 
14.3 
13.1 

10.2 
7.9 
8.3 
8.3 
8.0 
9.0 
9.7 
9.7 
9.6 
9.8 
9.8 
9.8 

10.0 

5.0 
3.3 
3.4 
4.0 
3.6 
3.3 
3.3 
3.2 
3.2 
3.1 
3.1 
3   1 

2.8 
2.1 
2.2 
1.4 
1.5 
1.6 
1.5 
1.3 
1.3 
1.3 
1.3 
1  4 

1.0 
0.7 
0.5 
0.6 
0.9 
0.8 
0.8 
0.8 
0.8 
0.9 
0.9 

1.0 
0.2 
0.3 
0.3 
0.2 
0.3 
0.3 
0.4 
0.3 
0.4 

0.7 
0.6 
0.5 
0.4 
0.7 
0.5 
0.5 
0.7 
0.7 

0.1 
0.7 
0.3 
0.4 
0.3 
0.4 
0.4 
0.6 

0.6 

0.0 
0.3 
0.3 
0.3 
0.3 
0.4 

0.3 
0.3 

0.1 
0.4 

0.2 
0.1 
0.3 
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TABLE   No.  3. — Compabison    of   Average    Compkession   with    Com- 

PBESSION   FOE   ThIN,    MeDIUM   AND    ThICK,    MeADOW. 


General 
Average 

Thin  Meadow. 
1.5  TO  3.5  Ft. 

Medium  Meadow. 
3.6  TO  6.5  Ft. 

Thick  Meadow. 
6  6  Ft.  and  Upward. 

See  Table 
No  J. 

Average  Thick- 
ness =  2.7  Ft. 

Average  Thick- 
ness =  4.7  Ft. 

Average  Thick- 
ness =  7.9  Ft. 

a 

a 

g 

a 

d                     M 

a 

&D 

a 

ao 

0 

.2    :         ,    a® 

0 

a  '^~ 

0 

a  0 

■Si                0 1^* 

Duration 

<D 

c  ^ 

0 

|g 

of 
Time. 

u 

BO 

tag 

on 
ave 

u 

^ 

a  > 
0  93 

u 

KO 
e8 

0  > 
0  s 

B 

a 

a> 

I2 

a 

a 

9 

.2  "3 

.0 

a 

a; 
0 

II 

a 

3 

Is 

S« 

0 

S          S« 

p 

§» 

!^ 

PL4 

iz; 

Ch 

> 

K 

Pk 

> 

^ 

Ph 

> 

1  mo 

172 

10.0 

49 

7.7  ,  —  2.3 

104 

1C.9 

+  0.9 

19 

10.9 

+  0.9 

2  mos. .. 

172 

13.1 

49 

10.1      —  3.0 

104 

14.1 

+  1.0 

19 

14.8 

+  1.7 

;i  mos. . . 

163 

14.3 

48 

11.8      —  2.5 

96 

15.1 

+  0,8 

19 

16.5 

-f  2.2 

4  mos... 

162 

15.1 

47 

12.3  1  —  2.8 

96 

16  0 

-f  0.9 

19 

17.5 

+  2.4 

5  mos... 

162 

15.5 

47 

12.5  1  —  3.0 

96 

16.5 

+  1.0 

19 

18.2 

+  2.7 

6  mos... 

148 

1.5.9 

46 

12  9 

—  3.0 

84 

17.0 

+  1.1 

19 

18.6 

+  2.7 

7  mos. . . 

135 

16.7 

43 

13.5 

—  3.2 

73 

17.9 

+  1.2 

19 

19.4 

+  2.7 

8  mos. . . 

113 

16.9 

39 

13.1 

—  3.8 

59 

18.7 

+  1.8 

15 

20.1 

+  3.2 

9  mos. . . 

96 

16.6 

36 

12.6 

—  4.0 

46 

18.5 

+  1.9 

14 

■.^0  7 

+  4-1 

10  mos. . . 

82 

16.2 

32 

10.9 

—  5.3 

37 

18.4 

+  2.2 

13 

21.6 

+  5.4 

11  mos... 

63 

16.7 

25 

11.1 

—  5.6 

25 

19.5 

+  2.8 

13 

22.0 

-f-  5.3 

Note  — In  taking  the  average  percentage  of  compression  for  all  thicknesses,  it  is  as- 
sumed that  It  is  independent  of  the  thickneps  of  the  meadow.  This  is  not  strictly  correct, 
the  percentage  of  compression  for  thin  meadow  being  less  than,  and  for  thick  meadow  more 
than,  for  the  general  average  as  shown  above  for  all  thicknesses. 


Some  experience  of  the  author  in  Jamaica  Bay  during  1896  on  the 
same  kind  of  work  shows  the  percentage  of  compression  to  be  ma- 
terially less  where  the  rise  and  fall  of  the  tide  is  greater  (4  to  6  ft.  in 
Jamaica  Bay),  other  things  being  equal.  The  information  there 
obtained  was  not  sufficiently  extensive  to  authoritatively  warrant  any 
more  definite  statement  than  this;  the  same  relative  level,  practically, 
is  maintained  between  the  surface  of  the  meadow  and  ordinary  high 
tide,  and  it  is  suggested  that  the  opi^ortunity  for  drying  out  of  the 
upper  portion  of  the  meadow  sod  during  a  part  of  each  tide  tends  to 
harden  the  sod,  and  make  it  less  compressible  than  where  it  is 
saturated  all  the  time. 
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Mr.  McCaun.  Thomas  H.  McCann,  M.  Am.  Soc.  C.  E. — Between  the  original  island 
of  Hoboken,  N.  J. ,  and  the  mainland  there  was  at  one  time  a  branch 
of  the  Hudson  River,  which  has  been  gradually  filled  up  until  its  bed 
is  now  covered  by  a  salt  marsh  with  its  surface  about  2  ft.  below  the 
average  high-water  level.  The  depth  of  this  marsh  ranges  from  30  to 
100  ft.,  being  generally  greatest  near  the  mainland.  The  material  is 
a  dark  blue  clay  overlaid  with  silt  and  decayed  vegetable  matter.  The 
numerous  street  imjirovements  constructed  over  this  marsh  furnish 
some  information  of  the  same  natui-e  as  that  given  in  the  paper.     The 


+  6.4' 


zT: 


+5/LL 


?     o^^ 


:x*^' 


,tas — I— tJ 


UNDERLYING  MATERIAL;  56  SILT,  10  SAND,  R.OCJC. 
FlQ.  1 


+5.5' 


+  5.8' 


«fey=4*y4 


underlying  material;  54  silt,  17  sand,  rock. 
Fig.  2 
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un80erlying  material;  61  silt,  17  sand. 
Fig.  3 

filling  was  done  by  contract  at  a  fixed  price  per  cubic  yard,  the  quan- 
tity of  material,  usually  boiler-house  cinders,  being  ascertained  by 
measurement  on  the  scows  and  again  by  making  borings  and  cross- 
sections  of  the  streets.  There  was  a  difference  of  about  15^  between 
the  two  measurements,  which  represents  the  shrinkage  of  the  filling 
in  the  bank. 

Three  typical  sections  of  one  of  these  streets  are  presented  in  Figs. 
1  to  3.  The  upper  and  lower  dotted  lines  are  the  levels  of  high  and 
low  water  respectively,  the  distance  between  them  being  about  5  ft. 
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The  surface  elevation  of  the  original  meadow  is  indicated  by  the  Mr.  McCann. 
shaded  line,  and  is  2  ft.  below  mean  high  water.  The  solid  line 
gives  a  section  of  the  new  embankment  as  determined  by  borings, 
while  the  broken  line  shows  the  amount  of  settlement  after  three  years. 
There  is  little  disjjlacement  of  the  meadow  at  the  sides  of  the  fill  where 
the  latter  is  not  more  than  10  or  12  ft.  deep,  but  where  it  reaches 
greater  depths,  the  meadow  is  forced  up.  The  street  surface  is  gen- 
erally 4  to  5  ft.  above  mean  high  water.  At  the  point  where  the  section 
in  Fig.  2  was  taken  the  embankment  has  settled  aboiit  2  ft.,  while 
the  meadow  has  risen. 

The  streets  were  generally  made  by  building  a  roadway  in  the 
center,  and  then  widening  the  bank  gradually  to  its  full  width,  about 
65  ft.  This  method  of  construction  accounts,  to  some  extent,  for  the 
greater  depth  of  the  fill  in  the  center  than  toward  the  sides.  There 
was  no  filling  on  the  meadow  alongside  the  bank.  Fig.  2  is  a  section 
at  a  i3oint  where  the  first  filling  was  done  with  earth  from  some  cellars 
the  contractor  was  digging.  The  street  had  about  10  ft.  of  this  mate- 
rial on  it  when  it  sank  suddenly  2  or  3  ft.  during  one  night.  The 
remainder  of  the  fill  was  made  with  cinders.  This  section  is  among  the 
deepest  on  the  work. 

It  is  well  known  that  in  filling  a  bank  on  marsh  land  three  things 
occur:  First,  there  is  a  compression  and  disi^lacement  of  the  lighter 
and  softer  marsh  by  the  heavier  filling;  second,  a  shrinkage  of  the 
filling  material  and  about  the  time  the  road  is  finished  the  embank- 
ment is  floating,  so  to  speak,  on  the  marsh;  third,  the  embankment 
settles  gradually,  compressing  or  displacing  (in  many  cases  doing  both) 
the  softer  marsh.  This  settlement  continues  for  many  years,  and,  of 
course,  is  greatest  in  a  road  on  which  there  is  heavy  traflfic. 

There  seems  to  be  no  constant  relation  between  the  depth  of  the 
marsh  and  that  of  the  filling.  In  hundreds  of  cross-sections  of  filling 
on  marsh  lands  taken  during  the  last  thirty  years,  the  speaker  found 
the  percentage  between  these  dei^ths  to  vary  from  10  to  70.  The  three 
sections  presented  are  from  one  street,  and  are  within  a  few  hundred 
feet  of  each  other. 
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Mr.  Clark.  J.  H.  Clark,  Assoc.  M.  Am.  Soc.  C.  E. — lu  1891-92,  tlie  writer  was 
engaged  at  South  Bend,  Wasli.,  on  filling  a  tidal  meadow  for  the 
Northern  Paeiflc  Railroad  Company.  About  160  acres  were  filled  to 
a  height  of  3  ft.  and  20  acres  to  a  height  of  5  ft.,  with  sand  excavated 
from  the  river.  It  was  proposed  to  measure  the  settlement  of  the 
original  surface  by  a  method  similar  to  that  of  the  author,  but  there 
was  no  settlement  up  to  the  spring  of  1893,  when  the  writer  left  the 
Avork.  Both  bench  and  reference  marks  were  carefully  set.  The  average 
range  of  the  tide  at  Soiith  Bend  is  from  6  to  8  ft.,  with  a  maximum  of 
16  to  18  ft.  The  meadow  was  composed  of  silt,  resting  on  clay,  and 
had  a  strong  sod  with  no  tendency  to  springiness  in  walking  over  it. 
It  was  intersected  by  innumerable  tidal  cuts  which  were  filled  with 
water  every  high  tide. 

Mr.  Smith.  EuGENE  R.  Smith,  Jun.  Am.  8oc.  C.  E. — The  author  made  an  effort 
to  devise  a  quick  test  of  the  compressibility  of  the  marsh,  which  might 
be  of  use  in  other  tests,  for  purposes  of  comparison  with  this  par- 
ticular tract,  in  the  hope  that  the  information  contained  in  the  paper 
could  be  more  fully  utilized  by  engineers  having  similar  problems  to 
solve,  but  no  satisfactory  result  was  reached  and  the  attempt  was 
abandoned.  If  any  method  other  than  the  exercise  of  the  engineer's 
judgment  is  jDerfected  at  any  time  which  will  indicate  with  some  relia- 
bility whether  a  particular  tract  iinder  investigation  is  of  the  character, 
for  instance,  of  the  Hoboken  marsh  described  by  Mr.  McCann,  unre- 
liable in  the  extent  of  its  compression,  or  non-compressible,  like  that 
described  by  Mr.  Clark,  or  like  that  at  Islip,  which  has  seemed  to  be 
governed  to  a  certain  extent  by  some  law,  engineers  will  be  pleased  to 
know  of  it. 
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WIND  PRESSUEES  IN  THE   ST.  LOUIS   TORNADO, 
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By  Julius  Baiek,  Assoc.  M.  Am.  Soc.  C.  E. 
Presented  March  3d,  1897. 


WITH  DISCUSSION. 

Very  destructive  tornadoes  have  fortunately  been  infrequent,  but 
the  possibility  of  their  occurrence  at  almost  any  time  cannot  be  en- 
tirely overlooked  in  the  design  of  structures  of  great  magnitude  and 
cost  that  may  be  exposed  to  their  action. 

On  May  27th,  1896,  St.  Louis  was  visited  by  a  tornadic  storm  that 
caused  a  loss  of  255  lives  and  the  destruction  of  property  to  the 
amount  of  $12  000  000.  Much  of  the  damage  was  the  result  of  the 
direct  action  of  the  wind,  and  a  few  opportunities  occurred  to  deter- 
mine the  intensity  of  the  wind  pressures  which  jsrevail  in  sixch 
storms. 

This  paper  is  presented  mainly  with  the  object  of  placing  on  record 
some  definite  estimates  made  by  the  author  of  the  force  exerted  by  the 
wind  on  several  structures  of  known  stability  that  failed  under  its 
action,  and  some  further  characteristic  examples  of  destruction  that 
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will  be  indicative  of  this  force,  even  if  its  intensity  cannot  be  defin- 
itely measured. 

A  study  of  the  work  of  the  tornado  in  some  detail  emphasized  cer- 
tain features  as  to  the  nature  and  action  of  the  wind  as  a  destructive 
agent,  which  appeared  to  be  further  corroborated  by  various  exijeri- 
mental  results. 


Fig.  1. 
The  possible  effects  of  extreme  wind  jjressures  on  high  buildings 
will  no  doubt  be  variously  estimated.     The  author  has  presented  some 
conclusions  that  appear  to  follow  logically  from  the  evidence. 

I.  —  GENEEAii  Conditions. 
The  storm  entered  St.  Louis  from  the  west,  progressed  eastwardly 
through  the  city  at  some  distance  south  of  the  central  business  section, 
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crossed  the  Mississippi  River  and  continued  in  a  northeasterly  direc- 
tion through  East  St.  Louis.     The  path  of  the  storm,  as  marked  by  its 
destructive  effects  is  indicated  by  the  shaded  section  on  the  map,  Fig.  1. 
The  meteorological  conditions  which  attended  the  storm  are  given  in 


Fig.  2. 


Appendix  A  as  abstracted  from  the  report  of  Mr.  H.  C.  Frankenfleld, 
Local  Forecast  Official  in  charge  of  the  Weather  Bureau  Station.  The 
latter  is  situated  in  the  heart  of  the  city,  about  a  mile  from  the  center 
of  the  path  of  the  tornado. 
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The  most  marked  feature  of  the  storm  was  the  rediiction  in  the 
atmospheric  pressure.  The  copy  of  the  barograph  trace  in  Fig.  2 
is  the  record  of  the  self-registering  aneroid  barometer  at  the 
station,  and  shows  the  general  fall  of  pressure  and  comparatively 
low  reading  during  the  storm.  The  recorded  pressures  shown  should 
have  0.6  in.  added  to  them,  to  reduce  to  the  sea-level  datum.  The 
fluctuations  before  and  several  hoiirs  after  the  storm  indicate  the 
unstable  condition  and  greatly  disturbed  state  of  the  atmosphere. 
As  a  matter  of  general  interest  the  barometric  record  of  the  toi-nado 
which  passed  over  Paris,  France,  on  September  10th,  1896,  is  re- 
produced in  Fig.  3.  While  noting  the  similarity  of  the  lines,  it  is 
necessary  to  bear  in  mind  that  while  the  Paris  Observatory  was 
directly  in  the  path  of  the  storm,  the  records  of  the  instruments  at 
St.  Louis  show  the  conditions  about  a  mile  from  the  center  of  action 

and  can  give  but  an  indication  of  the  dis- 
turbance in  the  elements  at  that  point. 
There  was  no  barograph  at  the  Louisville 
station  on  the  day  of  the  tornado  there, 
March  27th,  1890. 

There  is  no  record  of  the  pressure  in  the 
path  of  the  tornado  except  the  reading  of 
the  aneroid  barometer  referred  to  in  Mr. 
Frankenfield's  report.  This  instrument  was 
hanging  at  a  window  on  the  first  floor  of 
the  house,  and  as  the  storm  struck  the  building  the  index  was  noticed 
to  be  almost  opi^osite  to  its  usual  position,  or  pointing  nearly  down- 
ward. As  afterwards  ascertained,  this  would  give  a  reading  somewhere 
between  680  mm.  and  690  mm.,  and  it  is  assumed  here  at  an  average  of 
685  mm.  The  author  has  since  tested  this  instrument,  comparing  its 
readings  at  reduced  pressure  under  an  air  receiver  with  a  mercury 
gauge,  and  found  the  corrected  pressure  for  a  reading  of  685  mm.  to  be 
671  mm.,  equivalent  to  26.63  ins.  on  the  mercurial  barometer  locally, 
or  27.23  ins.  reduced  to  sea  level.  This  would  give  a  difference  in 
barometric  pressure  of  2. 13  ins.  below  the  lowest  reading  recorded  at 
the  time  of  storm  at  the  Weather  Bureau  Station,  and  about  2.4  ins. 
below  the  average  reading  which  prevailed  at  that  point  for  some  time 
jDreceding  the  storm,  the  latter  reading  being,  however,  about  0.23  in. 
lower  than  at  noon.     The  house  had  the  roof  and  part  of  the  upper 
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walls  taken  off,  windows  broken,  and  the  contents  very  generally 
blown  about  by  the  winds,  but  this  damage  occurred  afterward.  The 
barometer  was  accidentally  noted,  but  not  read,  immediately  preceding 
the  general  conclusion  and  excitement  due  to  the  extreme  severity  of 
the  storm,  and  the  result  can  probably  be  accepted  with  a  possible 
error  of  say  a  tenth  or  two  either  way. 

While  the  self-registering  barometers  record  the  variations  of 
pressure  corresponding  to  inches  of  mercury  on  the  gauge  to  a  full- 
size  scale,  the  small  scale  of  the  abscissas  allows  but  an  approximate 
estimate  as  to  the  exact  time  of  occurrence  or  the  rate  of  this  change. 
The  horizontal  scale  being  about  15  hours  or  900  minutes  per  inch, 
0.01  in.,  or  about  the  thickness  of  a  line,  is  equal  to  9  minutes  in  time. 
A  variation  of  pressure  requiring  a  few  minutes  for  its  completion 
would  leave  the  same  record  as  one  taking  place  in  a  few  seconds. 

The  anemometer  record  shows  the  passage  of  13  miles  of  wind  in 
about  12  minutes;  of  this,  a  little  over  6^  miles  passed  in  5  minutes,  a 
rate  of  about  80  miles  an  hour  observed,  giving,  when  properly  cor- 
rected, an  actual  velocity  of  about  62  miles  per  hour.  The  general 
direction  was  towards  the  south,  into  the  storm  center. 

There  are  indications  of  a  strong  downward  component  to  the 
wind  at  a  point  aboixt  800  ft.  northeast  of  the  Weather  Bureau  Station 
at  the  ventilating  stack*  over  the  tunnel  by  which  the  trains  over  the 
St.  Louis  Bridge  enter  the  city.  The  ventilating  fan  placed  at  the 
bottom  of  the  stack,  which  is  iised  to  exhaust  the  smoke  from  the 
tunnel,  was  checked  and  the  engine  slowed  down  from  its  usual  speed 
of  80  to  90  revolutions  per  minute  to,  about  one-third  or  one-fourth 
of  that  speed,  for  an  estimated  period  of  10  to  15  minutes,  by  the 
pressure  of  the  air  above.  The  stack  is  110  ft.  high,  1 5  ft.  in  diameter 
and  flared  to  30  ft.  diameter  at  the  base  to  admit  the  fan;  the  latter  is 
20  ft.  in  diameter,  revolves  in  a  horizontal  plane,  and  is  directly  coujjled 
to  the  engine  shaft  by  beveled  gear.  On  opening  the  manhole  just 
above  the  level  of  the  fan  to  locate  the  trouble,  the  engineer  was 
thrown  across  the  room  by  the  rush  of  escaping  air. 

The  foregoing  facts,  coujjled  with  the  general  indication  and  testi- 
mony of  strong  winds  from  the  west,  north  and  east,  with  the  prevail- 
ing direction  towards  the  general  center  of  the  storm,  are  well  estab 
lished.     There  was  an  apparent  meeting  of  heavy  clouds  coming  from 

*^ee  "Ventilation  of  Tamnels,"  N.  W.  Kayrs,    Transnctions,  Vol.  xxiii,  p.  293. 
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opposite  directions,  followed  by  general  darkness  and  a  general  storm 
of  more  or  less  violence.  There  were  no  funnel-shaped  clouds  seen 
so  far  as  the  author  knows. 

The  general  conditions  which  prevailed  within  the  storm  at  its 
height  were  a  total  darkness  except  where  relieved  by  the  lightning 
and  grounding  of  electric  wires;  furious  wind,  filled  with  flying 
missiles,  that  blew  in  turn  apparently  from  every  direction  in  puflfs 
and  gusts  of  extreme  intensity  and  a  continuous  roaring  noise  that 
drowned  every  individual  sound;  the  shock  and  cx-ash  which  must 
have  attended  the  fall  of  the  Valley  Elevator  was  not  noticed  by  men 
within  100  ft.  of  the  building.  The  time  the  storm  occupied  in 
passing  any  one  ijoint  is  generally  given  as  very  short,  though  this 
would  depend,  of  course,  upon  the  location  of  the  observer.  In  one 
instance  in  a  street  car,  at  about  the  center  of  the  area  devastated  by 
the  storm,  the  time,  noted  by  the  watch,  was  between  foiir  and  five 
minutes.  During  this  interval  the  darkness  was  complete,  and  the 
wind  blew  in  successive  gusts  and  blasts  that  shook  the  car  until  it 
seemed  in  continuous  motion. 

The  attendant  confusion,  terror  and  danger,  and  the  immediate 
necessity  of  looking  for  shelter  and  jjersonal  safety,  rendered  all  other 
matters  of  secondary  importance,  and,  in  general,  little  is  known  of  the 
storm  except  its  results.  The  full  extent  of  the  damage  was  often  un- 
known, even  to  occujaants  of  the  house  until  the  storm  was  over. 
When  the  destruction  was  noted,  it  was  nearly  always  observed  to  be 
due  to  the  successive  action  of  the  wind. 

The  debris,  as  a  rule,  offered  but  a  confused  and  conflicting  testi- 
mony as  to  the  general  direction  of  the  wind.  The  great  extent  of  the 
destruction,  the  immense  volume  of  material  moved,  the  confused 
condition  due  to  the  successive  blowing  about  by  the  wind,  and  also 
the  promptness  with  which  much  of  the  material  was  moved  and  piled 
up  by  corporations  and  citizens  in  clearing  the  streets  and  their 
property,  largely  destroyed  the  value  of  any  deductions  as  to  the  suc- 
cessive action  of  the  wind. 

The  great  bulk  of  the  material  was  carried  only  a  short  distance, 
from  a  few  feet  to  several  hundred,  and  there  was  apparently  a  marked 
absence  of  that  continued  carrying  power  of  the  wind  so  frequently 
found  in  tornadoes.  This  may  have  been  due  to  the  difficulty  of 
identification,  as  any  object  carried  a  long  distance  would  scarcely  be 
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missed  where  it  came  from  and  not  noticed  or  recognized  where  it 
fell,  or  such  fact  would  probably  be  known  only  to  a  few  jjersons. 

There  are  members  of  this  Society  in  St.  Louis  who,  either  from 
personal  experience  in  the  tornado  or  from  immediate  opportunities 
of  noting  results  at  the  destruction  of  their  homes,  can  give  a  more 
detailed  account  of  results  than  can  possibly  be  done  by  the  author. 
A  record  of  the  evidences  of  extreme  velocity  or  jjressure  of  the  wind, 
of  which  there  were  innumerable  instances,  would  be  of  special  inter- 
est if  well  verified.  One  evidence  is  afforded  by  a  piece  of  pine  plank 
driven  by  the  wind  through  the  i^e-iii-  ^eb  of  a  plate  girder  on  the 
approach  to  the  St.  Louis  Bridge,  in  East  St.  Louis.  The  uncertainty 
as  to  whether  the  plank  was  a  detached  piece  or  was  fastened  to  a 
heavier  frame  at  the  moment  of  impact  precludes  even  the  most  ap- 
proximate estimate  as  to  force  or  velocity. 

A  general  inspection  of  the  buildings  brings  out  the  following 
average  characteristic  features.  The  extreme  force  of  the  wind  was 
generally  confined  to  iipper  stories  and  roofs.  The  intensity  of  this 
force  must  have  been  extremely  variable,  not  only  as  exerted  on 
adjacent  properties,  but  on  a  single  building.  There  was  very 
general  evidence  of  the  destructive  force  being  exerted  from  the 
inside. 

The  total  number  of  buildings  destroyed  or  seriously  damaged  by 
the  stoma  in  the  city  of  St.  Louis,  as  shown  by  the  records  in  the 
assessors'  office,  is  7  263.  Of  these  321  were  totally  wrecked.  The 
number  of  houses  slightly  damaged  that  can  be  repaired  at  an  average 
cost  of  .$75  is  1  249,  making  a  total  of  8  515. 

Aside  from  actual  inspection,  only  photographs  can  convey  any 
adequate  impression  of  the  appearance  of  these  wrecked  buildings. 
The  church  in  Fig.  1,  Plate  II,  has  been  selected  as  average  example  of 
maximum  destruction,  both  as  to  intensity  and  area  covered,  the  ex- 
treme destruction  being  generally  very  much  localized.  Instances  of 
entire  physical  destruction  are  very  few  and  nearly  always  due  to  a 
collapse  on  account  of  very  old  and  weak  construction;  in  general  the 
damage  is  confined  to  the  roofs  and  upper  walls  of  the  houses.  The 
building  in  the  foreground  and  the  one  on  the  right,  in  Fig.  2,  Plate  II, 
and  the  church  in  Fig.  1,  Plate  III,  are  cases  of  partial  destruction 
presented  to  show  some  characteristic  results  of  the  action  of  the 
wind. 
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The  general  maximum  destructioii  covers  aii  area  from  4  000  ft.  to 
6  000  ft.  wide  and  nearly  3  miles  long,  lying  immediately  south  of  the 
central  jsart  of  the  city  in  St.  Louis  and  extending  across  the  river  into 
East  St.  Louis.  There  Avas  in  addition  much  damage  in  several  directions 
towards  the  west  and  at  various  j^laces  on  all  sides  of  this  area.  With  the 
exception  of  a  line  of  factories  and  industrial  plants  near  the  railway  on 
the  north  and  the  river  on  the  east,  almost  the  entire  area  affected  in  St. 
Louis  is  used  for  residence  purjioses.  A  comparatively  small  section 
at  the  western  limit  and  around  Lafayette  Park  is  built  up  with  costly 
IJrivate  residences.  The  rest  of  the  buildings  are  of  the  cheaper  class 
of  brick  dAvellings,  flats,  tenements,  and  small  factories,  two  and  three 
stories  high,  built  in  the  solid  rows  common  in  large  cities,  with  only 
an  occasional  church,  school  or  large  commercial  building  standing 
above  the  general  level.  The  western  section  is  comparatively  new,^ 
the  eastern  part  from  thirty  to  sixty  years  old,  with  some  buildings 
along  the  river  front  that  are  still  older. 

Tables  Nos.  1  and  2  show  api^roximately  the  character  of  the  build- 
ings and  the  extent  of  the  damage  in  a  part  of  the  district  where  the 
eftect  of  the  tornado  was  greatest.  The  district  for  which  this  data  was 
compiled,  extending  from  Broadway  to  California  Avenue  and  from 
Chouteau  Avenue  to  Russell  Avenue,  is  enclosed  by  heavy  lines  on  the 
map,  Fig.  1,  and  divided  into  six  sections.  It  is  from  4  000  to  4  600  ft. 
wide,  and  7  300  to  9  000  ft.  long,  covering  an  area  of  1.33  square  miles, 
and  is  divided  into  183  city  blocks  about  260  x  300  ft.,  or  double  that 
size.  The  entire  area  is  almost  solidly  built  up,  having  a  total  number 
of  4  090  buildings,  an  average  of  about  22  per  block;  there  are  but  21 
blocks  having  10  houses  or  less  per  block. 

Table  No.  1. 


Ratio  of  Damage  tc 

Total  Value  of 

House. 

- 

Value. 

No  damage. 

Oto 

'4 

U  to  % 

>i  + 

Total  Loss 

$1  500  and  less.. 
$1  500  to  $3  000.. 
$3  000  and  over. . 

Per- 
No.    cent. 
39?      26 
451      26 
210      26 

No. 
488 
812 
390 

Per- 
cent. 

32 

47 

47 

Per- 
No.    cent. 
422      27 
317      18 
145       18 

Per- 

No.    cent. 

109        7 

97        6 

61        7 

No. 

125 

52 

18 

Per- 
cent. 

8 

3 

2 

Per- 

No.    cent. 

1  537   lOU 

1  729   100 

824  100 

Total 

1 054      '.^6 

1690 

41 

884       21 

267        7 

195 
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No.  of 

Section. 

City 

No  damage. 

0  to  J4- 

'4  to  y^ 

K  + 

Total  Lobs. 

Blocks. 

Per- 

Per- 

Per- 

Per- 

Per- 

No.    cent. 

No. 

cent. 

No.    cent. 

No.    cent. 

No.    cent. 

No. 

1 

22 

91      18 

237 

47 

120      24 

38        7 

21        4 

507 

II 

16 

26        7 

12.i 

36 

114      33 

52      15 

31        9 

384 

Ill 

30 

135      20 

217 

32 

2U1      29 

71      10 

63        9 

687 

IV 

38 

233      32 

321 

45 

135      19 

18        2 

16        2 

723 

V 

42 

185      27 

288 

43 

157      23 

25         4 

17        3 

672 

VI 

35 

384      33 

502 

44 

157       14 

63         5 

47        4 

1153 

Totel... 

183 

1 054       26 

1690 

41 

884       21 

267        7 

195         5 

4  090 

In  Table  No.  1  the  buildings  are  grouped  according  to  their  value; 
in  Table  No.  2  they  are  given  according  to  locations.  Sections  2  and  3, 
embracing  Lafayette  Park  and  the  adjacent  property,  show  the  heaviest 
destruction.  The  assessors'  lists  from  which  the  tabulations  were 
made  show  that  the  195  buildings  totally  wrecked  are  distributed  in  72 
blocks;  that  31  of  these  blocks  have  each  only  one  house  totally  de- 
stroyed, and  the  other  41  blocks  have  each  from  two  to  ten  houses 
totally  destroyed.  The  1  054  houses  not  seriously  injured  are  dis- 
tributed over  153  blocks,  there  being  30  blocks  in  which  no  house 
escaped.  In  19  blocks  only  one  house  in  each  escaped  serious 
damage;  in  34  blocks  one-half  of  the  houses,  and  in  11  blocks  three- 
fourths  of  the  houses,  in  each  escaped.  Throughout  the  path  of 
the  storm  the  buildings  and  wreckage  show  evidence  of  extreme  and 
sudden  variations  in  the  intensity  of  the  v/ind  pressure.  A  striking 
example  of  this  is  a  little  pavilion  left  standing  in  Lafayette  Park,  on  a 
slight  elevation  above  the  general  level  at  a  point  where  the  broken 
and  uprooted  trees  show  the  full  force  of  the  storm.  A  straw-thatched 
roof  held  in  a  light  wire  netting  and  perched  on  six  uprights  planted 
in  the  earth  and  stift'ened  by  a  few  rustic  braces,  it  would  seem  a  most 
inviting  mark  for  the  wind,  but  except  for  some  damage  due  to  the 
falling  limbs  of  adjacent  trees,  it  stands  uninjured. 
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77^6  St.  Louis  Bridge. — The  main  damage  sustained  by  the  St.  Louis 
Bridge  was  confined  to  the  upper  section  of  the  masonry  approach  im- 
mediately adjoining  the  east  abutment  of  the  bridge  proper. 
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The  details  of  the  constniction  of  this  part  of  the  bridge  are  shown 
in  Fig.  4.  The  structure  is  double  decked,  the  highway  floor,  which  is 
the  full  width  of  the  bridge,  being  carried  immediately  above  the  rail- 
way tracks  by  cross-girders  resting  on  the  masonry  side  walls.  These 
walls  are  30  ins.  thick,  and  are  pierced  by  21  arched  openings,  leaving 
a  row  of  pillars  30  ins.  square,  spaced  8  ft.  7i  ins.  between  centers. 
The  masonry  is  built  of  sandstone,  and  is  all  first-class  dimension 
work,  all  the  blocks  being  the  full  thickness  of  the  wall  and  laid  with 
the  bond  shown  on  the  drawing. 

The  highway  floor  is  of  timber  carried  on  iron  cross-girders.  The 
sidewalks  are  10  ft.  wide,  built  of  3-in.  planking,  supported  on 
3xl4-in.  stringers,  with  a  line  of  7xl4-in.  stringers  on  the  out- 
side, to  which  the  iron  handrail  is  securely  bolted.  The  roadway 
is  34  ft.  wide,  and  consists  of  cyj^ress  block  paving,  4^  ins.  deep,  laid 
on  3-in.  cypress  planking  carried  on  26  lines  of  6  x  14-in.  i^ine  stringers. 
The  planks  are  laid  crosswise  of  the  structure  in  two  17-ft.  lengths, 
bringing  all  joints  on  the  center  line,  and  are  sjsiked  to  the  stringers. 
The  latter  are  in  lengths  of  two  jjanels,  and  laid  with  lap  joints.  Six 
lines  of  these  stringers  are  secured  to  each  of  the  ii'on  cross-girders 
by  two  J-in.  bolts  with  special  washers. 

The  iron  girders  carrying  the  floor  are  centered  over  the  pillars  of 
the  side  walls.  Seven  of  these  girders  near  each  end  were  heavy  15-in. 
rolled  X-bsams  supported  at  their  central  jioints  by  longitudinal 
girders,  one  at  each  end,  to  which  they  were  fastened  by  braces.  These 
longitudinal  girders  were  42,  ins.  deep  and  were  supported  on  posts 
from  the  railway  floor  beneath,  except  the  west  end  of  the  west 
girder,  which  was  seated  in  a  narrow  recess  cut  into  the  masonry 
abutment  for  that  purpose.  Although  the  girder  extended  2  ft. 
into  this  pocket,  and  the  latter  was  40  ins.  deep,  there  was  no  abrasion 
of  any  kind  on  the  stonework.  The  girder  must  have  been  raised 
out  of  the  pocket  by  a  straight  lift,  this  being  possible,  as  the 
fastenings  of  the  floor  to  the  iron  girders  were  of  sufficient  strength 
to  raise  the  weight  of  the  latter.  The  15-in.  X-ljeams  each  weighed 
about  3  000  lbs.  and  the  longitudinal  girders  each  13  000  lbs.  To 
provide  clearance  and  headroom  for  a  cross-over  in  the  railroad 
tracks,  the  seven  girders  near  the  center  were  made  to  span  the  full 
distance.  They  were  built  beams  with  27-in.  webs,  and  weighed  about 
8  000  lbs.  each. 
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During  the  storm  a  rush  of  wind  from  the  northwest  carried  away 
200  liu.  ft.  of  the  highway  floor  with  the  girders  attached,  and  over- 
turned both  aidewalls  for  a  length  of  180  ft.  The  highway  floor  for 
a  distance  of  100  ft.  on  the  main  span  immediately  adjoining  this 
section  was  disturbed  by  the  wind,  the  sidewalk  being  carried  away, 
and  the  north  half  of  the  roadway  being  lifted  and  partly  moved  out 
of  its  place.  The  extent  of  the  damage  to  the  arcade  is  indicated  by 
the  shading  in  Fig.  4,  and  is  shown  in  Fig.  2,  Plate  III,  which  is  a 
view  taken  from  the  south  side  looking  northwest,  several  days  after 
the  storm,  the  trestle  work  on  the  right  being  a  temporary  support 
for  the  roadway  in  process  of  erection. 


Fig.  6 


Fig.  7. 


The  following  computations  of  the  stability  of  the  structure  are 
made  for  two  assumptions.  First,  that  the  floor  was  lifted,  and  then 
the  walls  overturned  separately.  Second,  that  the  walls  were  over- 
turned together  with  the  full  weight  of  floor  upon  them.  In  each 
case  the  wind  is  assumed  to  act  at  right  angles  to  the  face  of  the 
wall.  The  weight  of  the  sandstone  was  found  by  the  actual  weighing 
of  two  blocks  to  be  140  lbs.  per  cubic  foot.  The  cypress  timber 
from  an  average  of  several  planks  was  found  to  weigh  3.j  lbs.  per 
foot  B.  M.     The  pine  was  assumed  at  2j  lbs.  per  foot  B.  M. 
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The  overhang  of  the  coping  and  sill-course  brings  the  center  of 
gravity  of  the  wall  near  the  outer  face.  This  very  markedly  increases 
the  stability  as  against  falling  inward  and  reduces  it  against  falling 
outward. 

The  general  dimensions  and  details  of  one  panel  are  given  in  Figs. 
5,  6  and  7.  The  weights,  area  exposed  and  centers  of  gravity  have 
been  computed  from  data  given  there.  The  limiting  position  for  the 
center  of  pressure  is  taken  ^  in.  from  the  edge  as  the  stone  shows 
very  little  crushing. 

Floor  Lifted  and  Walls  Overturned  Separately. 
In  estimating  the  weight  of  the  floor,  the  handrail  is  to  be  included 
in  the  weight  of  the  sidewalk,  and  the  girders  in  that  of  the  roadway. 
This  gives  the  following  weights  per  square  foot  of  surface : 

Sidewalk,  including  handrail 22.1  lbs.  per  square  foot. 

Roadway,  end  panels^ — timber 43.1 

girders 16.6 

59.7    "  '•  " 

Eoadway,  center  panels — timber 43.1 

girders 27.3 

70.4     " 

Stability  of  Walls. 

Let  P  =  total  wind  force  per  panel. 

p  ^=  pressure  per  sqiiare  foot. 

(a)  North  Wall. 

Moment  stability        =  21 100  x  ^  ^  28  309  ft. -lbs. 

Moment   overturning  =  P  x  8.68 

For  equilibrium       P  =      '  ^^    =  3  261  lbs. 
8.  b8 


p  =S  261  X  -^  =  58.2  lbs.  per  square  foot. 


(h)  South  Wall. 


1  1     ftp* 

Moment  stability         =  37  000   x   — ^  =  35  921  ft. -lbs. 
Moment  overturning  =  P  X  8.66 

p  =  4i  148  X  5n-^  =  44.8  lbs.  per  square  foot. 
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Wall  and  Floor  Overturned  Together. 

The  equations  will  assiime  their  simplest  forms  if  all  forces  are  re- 
placed by  their  equivalents  acting  on  the  line  of  the  top  of  the  walls. 
This  will  involve : 

First. — Computing  the  stability  of  each  wall  due  to  its  own  weight 
and  the  weight  of  the  floor  resting  upon  it,  and  finding  the  equivalent 
horizontal  reaction  at  the  top  of  the  wall. 

/Second. — Computing  the  total  wind  forces  acting  on  all  exjjosed 
surfaces,  and  finding  an  equivalent  force  concentrated  on  the  line  of 
the  top  of  the  wall. 

Equating  these  quantities  will  give  the  result  sought. 
As  the  area  of  the  south  wall  can  be  acted  on  by  only  a  part  of  the 
wind  which  passes  through  the  openings  in  the  north  wall,  the  effective 
l^ressure  must  be  reduced  by  an  appreciable  but  uncertain  quantity. 
The  coefficient  of  reduction  of  0.8,  commonly  used  in  computing  the 
wind  pressux'e  on  leeward  trusses  of  bridges,  has  been  used  in  this 
case.  As  the  actual  shelter  is  probably  more  than  that,  the  use  of  this 
coefficient  will  underestimate  the  pressure  and  give  a  final  result  too 
small. 

The  values  for  center  and  end  panels  are  separately  computed,  since 
the  dead  load  of  the  girders  resting  on  the  wall  is  different  in  the  two 
cases. 

Let   p  =  pressure  of  the  wind  per  square  foot. 

P    =  equivalent  force  of  total  wind  pressure  acting  at  toj)  of 

wall. 
Fji  =  reaction  at  top  of  north  wall  equivalent  to  its  total  re- 
sistance. 
jP^.  =  reaction  at  top  of  south  wall  equivalent  to  its  total  re- 
sistance. 
F  =F„-\-  F,. 

Comijutations  for  Center  Panel. 
Stability  of  the  Walls. 

-I  r»    -1 

(«)  North  wall.    Weight  of  wall,  21  100  x  -j^  =  28  309  ft. -lbs. 

floor,  12  200  X  ^  =  14  741       " 

43  050 


BAIER    ON   TORNADOES.  235 

F,^  =  43  050  X  r^  =  3  188  lbs. 
"  13. 5 

(fe)  South  wall.    Weight  of  Avail,    37  000    x  ^^^=  35  921  ft. -lbs. 

floor,    12  200   X  -|^  =  14  741       " 

50  662      " 

F,  =  .50  662  X  ^J^,  =  2  854  lbs 
17.75 

i^  =  i^„  +  i^,  =  3  188  +  2  854  =  6  042 (1) 

Force  of  the  Wind. 

Against  north  wall,  56.0  x  \-~-^     X  p  =^  36.0  p 

io.  o 

south      "      92.6  X   --r^r^  X  p  X  -rr-r  =  36.1  o 
17.75  10 

floor  21.5  X  p  =  21.5  p 


93. 6  p 
P=93.1p (2) 

For  equilibrium  (1)  =  (2);  6  042  =93.6;:» 

j9  =  64.5  lbs.  ^ev  square  foot. 
End  Panels. 

For  the  end  panels  the  only  difference  lies  in  the  weight  of  the  floor 
resting  on  walls,  which  is  5  600  lbs.  in  place  of  12  200  lbs.  per  panel. 
Making  this  change,  the  above  equations  will  give  the  value  p  =  53.5 
lbs.  per  square  foot. 

If  the  decking  be  assumed  to  act  as  a  horizontal  girder  distribut- 
ing the  forces  uniformly,  then  the  average  for  the  fourteen  end  and 
seven  center  panels  becomes  57.2  lbs.  per  square  foot. 

The  amount  of  material  actually  moved  by  the  wind  was  580  tons 
of  masonry  and  280  tons  of  flooring  and  girders,  a  total  of  860  tons. 

The  preceding  values,  58.2  lbs.  per  square  foot,  on  the  north  wall 
acting  alone,  or  from  53.5  lbs.  to  64.5  lbs.  per  square  foot  for  the  entire 
structure  acting  as  a  unit,  are  the  static  pressures  which,  if  exerted,  will 
just  put  the  material  on  a  balance  if  it  were  standing  alone.  Consider- 
ing that  some  additional  concentration  of  force  was  necessary  at  each 
end  to  tear  the  material  loose  from  the  rest  of  the  structure,  and  also 
some  additional  force  was  necessary  to  overcome  the  inertia  of  the 
total  mass  and  set  it  in  motion,  it  is  fair  to  assume  that  the  total  press- 
ure exerted  must  have  been  at  least  60  lbs.  per  square  foot. 
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The  masonry  of  the  north  wall  fell  over  on  the  tracks.  Four  of 
the  heavy  girders  and  some  ]>lanking  remained  on  the  track  floor. 
The  masonry  of  the  south  wall  and  most  of  the  iron  work  was  lying 
on  the  ground  within  75  ft.  of  the  structure.  The  timber  of  the  floor 
was  scattered  along  the  river  front  for  a  distance  of  400  ft.  The 
construction  of  the  floor  would  naturally  cause  it  to  hold  together 
in  sections  of  about  17  x  18  ft.  that  would  float  on  the  wind  some 
distance  and  carry  the  girders  with  them  till  the  fastenings  broke. 
One  of  the  heavy  girders  was  carried  a  distance  of  120  ft.  from  its 
oi'iginal  position,  and  a  section  of  the  iron  handrailing  was  found  about 
1  300  ft.  from  the  bridge. 

In  addition  to  the  damage  to  the  east  arcade,  a  section  of  the  timber 
floor  150  ft.  long  on  the  center  span  of  the  bridge  was  torn  up  and  car- 
ried away  by  the  wind.  The  construction  was  the  same  as  for  the  floor 
over  the  arcade. 

These  facts  and  figures  show  that  at  the  center  of  the  bridge  for  a 
length  of  150  ft.  the  wind  must  have  exerted  a  lifting  pressure  of 
over  59  lbs.  per  square  foot;  that  at  the  east  end  of  the  bridge  the  wind 
must  have  exerted  a  force  equivalent  to  a  uniform  static  pressure  of  at 
least  60  lbs.  per  square  foot  over  an  area  at  least  180  ft.  long  by  18  ft. 
high. 

It  is  more  probable,  however,  that  the  area  of  destructive  pressure 
Avas  more  than  18  ft.  high,  and  that  the  pressure  was  not  uniform,  but 
a  maximum  near  the  center  and  less  at  the  sides.  The  disturbance  of 
the  adjacent  bridge  floor  and  destruction  at  the  east  tower  would  in- 
dicate a  width  of  about  300  ft.  for  this  area  of  extreme  pressure. 

Brick  Chimney. — The  power  plant  of  the  Union  Dejjot  Electric 
Eailway  Company  is  located  near  the  southwestern  part  of  the  area  of 
maximum  destruction  shown  on  the  map.  Fig.  1.  The  effects  of  the  storm 
at  this  i^lace  are  indicative  both  of  the  extreme  intensity  of  the  wind 
jiressure  and  of  the  sharp  variations  in  this  intensity  in  short  distances. 

Fig.  1,  Plate  IV,  is  engraved  from  a  photograph  looking  northeast 
over  the  carsheds  toward  the  chimney. 

The  chimney  fell  over  toward  the  north  on  the  engine  and  dynamo- 
house,  cutting  it  into  two  sections.  The  part  toward  the  east  was 
blown  down  and  totally  wrecked  by  the  wind;  the  section  on  the  west 
was  almost  entirely  uninjured.  The  boiler-house  was  unroofed  and 
its  walls  partly  destroyed;    the  carsheds  were   completely  wrecked, 
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Fig.  8. 
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while  tlie  machine-sliop  was  but  slightly  damaged.  All  these  build- 
ings were  of  the  usual  type  of  construction  employed  for  such  jjur- 
130ses,  consisting  merely  of  side  walls  and  roof  carried  on  posts  or 
trusses.  But  a  small  i^art  of  the  pressure  exerted  to  overturn  the 
chimney  would  have  completely  demolished  every  one  of  the  buildings. 
The  construction  of  the  chimney  is  shown  with  details  and  dimensions 
in  Fig.  8.  It  consisted  of  an  outer  shell  built  of  selected,  hard-burned 
dark  red  brick  laid  in  a  mortar  of  eqiial  proportions  of  one  part  Port- 
land cement  to  two  parts  sand,  and  one  jjart  lime  to  two  parts  sand. 
The  bricks  were  laid  with  push-joints  under  inspection,  and  all  joints 
were  well  filled. 

The  inner  core  was  built  of  a  ring  of  4  J -in.  fireclay  brick,  reinforced 
in  the  lower  section  by  a  ring  of  hard-burned  red  brick.  The  firebrick 
were  laid  in  fireclay.  Each  shell  was  finished  at  the  top  by  a  cast-iron 
cap  2  ft.  deep,  of  ^-in.  metal,  secured  to  the  brickwork  by  bolts.  The 
inner  shell  was  separated  from  the  outer  by  a  varying  distance;  the 
dimensions  on  the  drawing  give  this  distance  as  a  minimum  of  2  ins. 
at  the  top,  and  the  same  50  ft.  below  the  toj)  where  the  section 
changes.  This  annular  space  would  probably  vary  somewhat  in  actual 
construction.  The  inner  shell  was  stayed  by  brackets  built  into  the 
outer  shell  at  intervals  of  10  ft.  There  were  six  of  these  brackets  on  a 
level,  each  having  a  face  of  about  8x8  ins. 

The  upper  section  of  this  chimney,  about  110  ft.  high,  was  over- 
turned by  the  wind.  The  portion  left  standing  varied  from  40  to  47 
ft.  in  height,  as  shown  by  the  line  C  D.  With  the  excej)tion  of  several 
vertical  cracks  it  was  in  such  good  condition  that  after  taking  down 
about  5  ft.  of  the  brickwork,  the  chimney  was  rebuilt  on  the  remain- 
ing section.  The  cast-iron  shells  forming  the  caps  of  the  chimney 
were  shattered  by  the  fall,  and  the  fragments  lay  in  diff'erent  places; 
they  were  probably  blown  about  by  the  wind.  Some  of  the  largest 
sections  were  found  in  a  cellar  just  inside  the  line  of  the  building  and 
100  ft.  from  the  chimney.  Most  of  the  debris  fell  in  the  engine-room 
between  the  base  of  the  chimney  and  the  street,  and  part  of  it  to  the 
soiith  of  the  chimney.  The  lightning-rod  was  thrown  forward  across 
the  street.  Almost  immediately  after  the  fall  of  the  chimney,  the  wind 
veered  around  and  blew  in  the  opposite  direction. 

The  change  in  section  from  17  i  ins.  to  13  ins.  thickness  at  level  A 
B  makes  this  a  point  of  comparative  weakness.     This,  taken  in  con- 
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nection  with  all  other  facts,  renders  it  probable  that  the  chimney 
failed  by  the  crushing  of  the  brick  masonry  on  the  extreme  leeward 
side  just  above  the  section  A  B,  due  to  the  concentration  of  pressure 
at  that  point,  and  overturned  bodily;  that  the  rupture  of  the  walls 
shattered  the  brickwork  for  some  distance,  and  that  the  shifting  wind 
blew  off"  the  loose  fragments  down  to  the  line  G  D  and  scattered  the 
debris  about  the  base. 

Stability  of  Chimney. 

The  following  computations  have  been  made,  as  closely  as  possible 
in  accord  with  actual  conditions,  to  find  the  least  force  which  miist 
have  been  exerted  by  the  wind  to  cause  the  failure  of  the  chimney  at 
the  section  A  B.     The  assumptions  made  for  this  purpose  are: 

I. —  That  the  joints  can  take  no  tension  and  that  when  the  center  of 
pressure  has  reached  its  limiting  position,  the  joints  have  opened  from 
the  windward  side  diagonally  across  the  base  of  the  chimney,  leaving 
a  wedge  above  the  line  A  B,  which  does  not  take  part  in  the  movement 
of  the  upjier  section. 

II. — That  the  mortar  has  sufficient  coherence  to  hold  the  upper 
section  in  shape  till  it  has  j^assed  the  point  of  equilibrium. 

III.^That  the  weight  of  red  brick  piasonry  is  115  lbs.  per  cubic 
foot,  and  the  weight  of  firebrick  120  lbs.  per  cubic  foot. 

IV. — That  the  brickwork  will  not  fail  by  crushing  till  the  pressure 
has  reached  a  value  of  50  to  70  tons  per  square  foot,  or  about  700  to 
1  000  per  square  inch.  A  wide  range  in  value  assumed  for  the  crush- 
ing strength  has  little  effect  on  the  final  result  in  this  case,  as  will  be 
seen  hereafter. 

V. — That  the  effective  air  pressure  on  a  cylinder  is  0.54  as  much  as 
on  a  plane  surface  whose  area  is  equal  to  that  of  the  diametral  section 
of  the  cylinder.  The  valuation  of  this  coefficient  is  the  most  iincer- 
tain  element  in  the  jiroblem.  It  is  variously  given  from  0.5  to  0.6,  a 
range  of  nearly  20  per  cent.  In  designing  new  work  it  is  sufficient  to 
assume  a  safe  value,  but  in  the  present  instance  it  is  essential  to  have 
as  nearly  the  true  value  of  this  coefficient  as  possible.  The  value  of 
0.54  has  been  taken  as  representing  nearly  a  mean  between  the  latest 
values  determined  experimentally  by  entirely  different  methods. 
Professor  Kernot  by  experimenting  with  models  placed  on  a  delicate 
movable  carriage  in  front  of  an  air  blast  has  found  this  value  to  be 
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0.52,  while  the  experiments  of  Irminger  made  with  hollow  models 
placed  in  an  air  duct,  by  means  of  which  the  actual  pressure  at  all 
points  on  the  surface  of  the  cylinder  was  determined,  give  the  value 
of  this  coefficient  as  0. 57. 

Computation  for  Outer  Shell. 
Let  p  =  pressure  of  wind  i^er  square  foot. 

F  =  total  force  of  the  wind  against  the  section  overturned. 

Y  =  distance  of  center  gravity  of  exposed  surface  above  A  B  ^ 

55.2  ft. 
W  =  total  weight  of  section  of  chimney  overturned. 
X  ==  lever  arm  of  weight  W  =  distance  from  center  of  gravity 
of  W  to  center  of  pressure. 

Overturning  Force  of  the  Wind. 

Total  area  of  diametral  i^laue  above  A  B 1  386  sq.  ft. 

Average  area  of  wedge  at  base 93  "    " 

Net  area 1  293  "    " 

Effective  area  =  1  293  sq.  ft.  X  0.54  =  698  sq.  ft. 
then  F  =  698  p. 
Moment  overturning  =.  y  F  =  55.2  F (1) 

Resistance  of  Chimney. 

Total  brickwork  above  AB  =  ?,  871  cu.  ft.  at 

115  lbs.  = 445  165  lbs. 

Deduct  wedge  at  base  187  cu.  ft.  at  115  lbs.  =     21  505  " 

Net  weight  of  brickwork 423  660  lbs. 

Cast-iron  cap  and  fastenings 3  340  " 

Total  weight  overturned  =  W 427  000  " 

Distance  center  of  chimney  to  center  of  gravity  of  wedge  at  base  = 

4  ft. 

21  505 
Distance  center  of  chimnev  to  center  of  gravitv  of  W=  ,^_  ^^„  X 

"  427  000 

4.0  =  0.2  ft. 

Assuming  center  of  pressure  to  fall  at  center  of  oiiter  shell,  or  6^ 
ins.  back  from  face  of  chimney,  gives  7. 33  ft.  from  center  of  chimney  to 
center  of  pressure. 

Then  x  =  7.33  ft.  —  0.2  ft.  =  7.13  ft. 
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Moment  resistance  ==  TTa;  =427  000  x  7.13  =  3  044  500  ft. -lbs.  (2) 

For  equilibrium  (1)  =  (2)        55.2  i^  =  3  044  500. 

i^  =  55  150  lbs. 

F 
P  =c7Tq  =  ^^-^  ^^^-   P^^'  ^c[^^*i'6  foot. 
698 

Tlie  deduction  of  the  wedge  at  the  base  makes  a  difference  of  6  lbs.  in 

the  result;  that  is,  if  the  entire  chimney  above  -4  jB  is  assumed  to  hold 

together  and  resist  overtixrning,  the  value  of  p  becomes  85  lbs.   per 

square  foot. 


Fig.  9.  Fig.  10. 

Making  the  customary  assumption  that  the  pressure  is  distributed 
at  a  uniformly  varying  rate,  it  can  be  graphically  represented,  as  in 
Fig.  10,  by  a  hollow  wedge,  the  volume  of  which  is  equal  to  the  weight 
W,  and  the  base  and  altitude  such  that  the  center  of  gravity  of  the 
wedge  must  coincide  with  the  position  assumed  for  the  center  of 
pressure  of  the  load  W,  in  this  case  6^  ins.  from  the  edge  of  the  wall. 

The  direct  mathematical  formulas  for  the  hollow  wedge  are  quite 
intricate  and  difficult  of  application,  particularly  for  small  segments. 
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The  values  given  here  were  found  by  successive  trials.  By  drawing 
the  jjlan  on  a  large  scale,  assuming  the  width  of  the  base  of  the  wedge, 
and  dividing  the  latter  into  small  vertical  prisms,  the  volume  and 
center  of  gravity,  in  terms  of  the  pressure  on  the  extreme  edge,  can 
be  readily  found  by  use  of  a  slide  rule,  with  an  error  of  less  than  1 
per  cent.  Varying  the  base  by  successive  increments,  a  few  trials  will 
not  only  give  the  desired  results,  but  also  show  more  clearly  than  the 
formulas  the  change  in  these  results  due  to  changing  the  assumed 
data.  For  the  center  of  pressure  assumed,  6^  ins.,  from  the  face  of 
the  wall,  the  wedge  was  found  to  have  a  base  1.3  ft.  wide,  and  an 
area  of  7. 15  sq.  ft. ,  and  the  pressure  on  the  extreme  edge  was  found 

213  5 
to  be  2.33  times  the  average  pressure,  or  2.33  x         '^    =  69.5  tons  per 

square  foot. 

A  small  variation  in  the  position  of  the  center  of  jjressure  will 
make  a  great  difference  in  the  theoretical  jsressure  on  the  extreme 
edge.  If  it  be  moved  toward  the  center  0.1  ft.,  the  maximum  pressure 
becomes  53.9  tons  per  square  foot;  and  if  moved  toward  the  edge  of 
the  wall  0.08  ft.,  the  maximum  pressiire  becomes  87.8  tons  per  square 
foot.  A  total  variation,  therefore,  of  only  0.18  ft.  in  the  position  of 
the  center  of  pressure,  and  consequently  of  the  length  of  the  lever 
arm,  making  a  difference  of  only  2^%  in  the  computed  wind  force,, 
will  change  the  maximum  pressure  on  the  extreme  edge  of  the  brick- 
work from  53.9  tons  to  87.8  tons  per  square  foot,  a  variation  of  62  per 
cent.  The  limit  assumed  in  this  particular  case  for  the  crushing  re- 
sistance of  the  brickwork  can  therefore  have  but  little  effect  on  the 
final  estimated  wind  pressure.  It  is  moreover  imisrobable  that  the 
pressure  will  vary  from  69  tons  to  zero  in  the  short  distance  of  1.3  ft. 
For  such  an  extreme  weight  on  a  small  area  a  slight  comj^ression  of 
the  mortar  will  quickly  redistribute  the  pressure  more  uniformly, 
giving  a  much  lower  unit  pressure  than  found  by  the  formiila. 

The  total  weight  of  the  inner  shell  or  core  above  the  line  A  B  is 
107^  tons.  A  computation  similar  to  the  preceding  one  shows  that 
this  weight  will  be  held  in  equilibrium  by  an  external  force  of  17  600  lbs. 
applied  56. 1  ft.  above  A  B.  This  is  equivalent  to  a  uniform  pressure 
of  24.8  lbs.  per  square  foot  over  the  effective  surface  exposed  to  the 
wind. 

The  value  to  be  placed  on  the  core  in  estimating  the  ultimate 
strength  of  the  entire  chimney  is  uncertain.     Although  in  the   design 
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of  a  new  chimney  eutii-e  dependence  slionld  be  placed  on  the  outer 
shell,  it  is  evident  that  the  lattei-  cannot  be  actually  overturned  imless 
the  core  is  taken  with  it.  The  extent  to  which  the  possible  resistance 
of  the  core  will  be  eflfective  at  the  moment  when  the  outer  shell  is 
brought  to  the  point  of  failure  will  depend  upon  the  efficiency  of 
the  brackets,  the  distance  between  the  shells  at  the  top,  and  the  rel- 
ative stiffness  of  each  shell. 

The  deflection  of  a  brick  chimney  under  extreme  lateral  forces  can- 
not be  definitely  comi^uted.  It  will  depend  upon  the  elasticity  of  brick 
and  mortar  under  compression  on  the  leeward  side,  and  upon  the  open- 
ing in  the  joints  on  the  windward  side.  As  any  movement  in  the  joints 
neartheline  J.  5will  cause  a  lateral  motion  of  seven  times  that  amoiint 
at  the  top,  it  is  quite  probable  that  the  outer  shell  will  be  brought  to 
a  bearing  against  the  core  in  case  the  brackets  do  not  prove  efficient. 
From  such  approximate  computation  of  the  stiffness  of  the  shells  as  the 
case  will  admit,  the  author  assumes  that  at  least  one-fourth  to  one- 
half  of  the  possible  resistance  of  the  core  mnst  be  taken  into  account, 
or  a  pressure  of  from  6  lbs.  to  12  lbs.  per  square  foot  must  be  added 
to  the  resistance  of  the  outer  shell.  This  gives  a  total  of  85  lbs.  to  91 
lbs.  per  square  foot  necessary  to  hold  the  chimney  just  at  the  point  of 
equilibrium.  To  this  must  be  added  some  additional  pressiire  to  over- 
come the  inertia  of  the  mass  and  set  it  in  motion. 

The  preceding  data  and  computations  show  that  the  wind  miist 
have  exerted  in  this  locality  a  force  equivalent  to  a  static  pressure 
in  excess  of  85  to  91  lbs.  per  square  foot  over  an  area  at  least  14  ft. 
wide  by  110  ft.  high.     The  total  material  moved  was  321  tons. 

It  is  probable  that  the  pressure  was  not  uniform,  but  greater  near 
the  top.  It  is  also  possible  that  the  chimney  was  overturned  either 
by  successive  gusts  of  wind  whose  period  of  recurrence  was  timed  to 
the  oscillations  of  the  chimney  or  by  one  sudden  and  intense  blast. 
In  the  former  case  the  actual  pressure  of  the  wind  might  be  much 
less,  in  the  latter  it  would  be  more  than  that  given  by  the  above 
figures. 

The  Valley  Grain  Elevator. — The  largest  and  heaviest  single  object 
that  was  moved  by  the  wind  is  a  grain  elevator  standing  on  the  east 
shore  of  the  Mississiijpi  Biver  on  about  the  south  line  of  the  path  of 
the  storm.  This  building  is  of  the  usual  type  of  elevator  construction 
and  is  shown  m  outline  and  general  dimensions  in  Fig.  11.     The  heavy 
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lines  indicate  the  present  position  of  the  wreck  as  seen  in  Fig.  2,  Plate  IV, 
and  Fig.  1,  Plate  V  ;  the  light  lines  indicate  its  position  before  the 
storm.  The  upper  part  of  the  building  or  cupola  was  about  50  ft. 
wide  by  58  ft.  high,  and  extended  the  full  length  of  the  building.  It 
consisted  of  a  framework  of  timbers  supporting  a  series  of  partial 
floors  on  which  were  located  the  machinery,  bins,  scales,  distributing 
chutes,   etc.,  which  constitute  the  operating  mechanism   of  a  grain 


Fig.  11, 

elevator.  The  bin  work  or  lower  section  of  the  building  proper  is 
57  ft.  high,  98  ft.  wide,  and  about  200  ft.  long.  It  is  divided  into 
bins  about  11  ft.  square  by  a  series  of  ten  longitudinal  and  nineteen 
cross- walls  built  up  of  10-in. ,  8-in.  and  6-in.  planks,  laid  flat  on  each 
other  and  securely  spiked  together.  These  walls  form  in  effect  a 
series  of  deep  wooden  girders  intersecting  and  interlocking  into  each 
other  and  forming  a  huge  box  of  great  strength  and  rigidity.     Im- 
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mediately  underneath  each  outer  and  cross-wall  is  a  12  x  16-in.  timber 
sill,  which  is  fastened  to  and  forms  a  part  of  the  wall  above  it.  The 
sills  and  the  entire  structure  are  carried  by  the  "twin  gii-ders,"  a 
series  of  double  timbers,  a  12  x  14-in.  placed  on  top  of  a  14  x  14-in. , 
running  under  each  longitudinal  wall  and  supported  in  turn  by 
12  x  14-in.  vertical  posts,  one  under  each  point  of  intersection  of 
these  main  timbers.  The  posts  rest  on  a  substantial  foundation  of 
stone  walls  and  piers.     The  details  of  posts  and  bracing  are  shown  in 
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Fig.  12.  The  posts  are  reinforced  by  6  x  12-in.  side  and  diagonal 
pieces  shown  in  the  cross-section,  which  act  partly  as  braces  for  lateral 
stiffness  and  partly  as  additional  supports  to  the  sills  when  the  bins 
are  fully  loaded.  Batter  posts  are  used  as  bracing  in  the  longitudinal 
direction. 

The  wind  blowing  from  the  west  pushed  over  the  entire  structure 
with  its  supports  and  tore  off  and  overturned  the  framing  and  contents 
of  the  cupola  down  to  the  level  of  the  bin  floor.  The  building  was 
moved  towards  the  east  19j  ft.  at  the  south  end,  and  18^  at  the  north 
end,   and  towards  the    north  about  1  ft.     As  the  distance  from  the 


246  BAIER   ON   TORNADOES. 

bottom  of  the  posts  to  the  sill  was  17  ft.  10  ins. ,  the  building  moved 
sideways  but  little  more  than  the  distance  it  fell,  the  path  of  motion 
probably  being  on  nearly  the  arc  of  a  circle,  having  the  height  of  sup- 
port as  its  radius.  The  binwork,  somewhat  racked  and  out  of  plumb, 
is  resting  on  the  foundation  and  ovei-hangs  the  east  wall,  as  shown  in 
Fig.  2,  Plate  IV,  from  a  photograph  taken  from  the  northeast  corner; 
Fig.  1,  Plate  V,  is  a  view  taken  from  the  southwest.  The  face  of  the 
building  was  originally  above  the  stone  foundation  wall  and  nearly  on 
line  with  it.  The  timbers  showing  above  the  wall  at  the  left-hand  end 
of  the  plate  formed  the  outer  row  of  supports. 

This  elevator  was  built  in  1883,  and  no  records  showing  details  of 
construction  were  accessible.  The  dimensions  of  the  binwork  and 
supports  were  obtained  by  measurements  taken  from  the  wreck;  the 
cupola  was  assumed  to  be  the  same  as  that  on  other  elevators  of  simi- 
lar construction  and  dimensions.  The  building  was  empty  at  the 
time  of  the  storm.  The  estimated  dead  weight  of  the  structure  is 
about  3  500  tons,  with  a  possible  error  of  several  hundred  tons  either 
■way. 

The  uncertainty  as  to  the  exact  height  of  the  cupola,  and  the  exact 
weight  of  the  total  building,  and  particularly  the  indeterminate  value 
of  the  bracing,  renders  a  definite  estimate  of  the  wind  i^ressure  impos- 
sible. The  bearings  of  the  sills  on  the  longitudinal  girders,  and  of  the 
latter  on  the  posts,  were  unsecured  in  any  way  except  by  the  friction 
due  to  the  weight.  The  6  x  12-in.  uprights  were  fastened  to  the  post 
by  a  single  bolt,  and  the  diagonal  pieces  were  toe-nailed  to  hold  them 
in  place. 

The  maximum  resistance  due  to  the  weight  alone  will  be  brought 
into  action  after  some  movement,  causing  some  inclination  of  the 
posts,  has  taken  place  and  has  thrown  the  bearing  to  the  leeward  edge 
at  the  base  and  towards  the  windward  edge  at  the  top  of  the  post, 
giving  an  effective  lever  arm  of  possibly  10  ins.     Then 

Moment  of  resistance        =  7  000  000   X   To  =  ^  ^^^  ^^^  **•  "l^^*^- 
"  "  overturning     ^  i^  x  15.7. 

T^  +  1     •    1  f  .,        5  833  000        .3_,  _.  -, 

Total  wind  force  =  F  —  — j^-= —  =  371  500  lbs. 

Exposed  area  =  115  x  200  =  23  000  sq.  ft. 

-p  ,     ,  371  600         ,  „  ,   „ 

Pressure  jaer  square  toot  ~  "qoTTTuT  ~  l^-l  1"^- 
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The  evidence  of  the  resistance  offered  by  the  bracing  is  seen  in  the 
crushing  of  the  fibers  of  the  yellow  pine  sills.  The  diagonal  pieces 
crowding  against  each  edge  of  the  upper  horizontal  timbers  have  in 
many  instances  crushed  the  latter  into  the  underside  of  the  girders, 
leaving  an  indentation  triangular  in  shape,  f  in.  deep  as  a  maximum, 
as  shown  in  Fig.  12.  The  exact  value  of  this  resistance  is  indetermi- 
nate, but  it  would  materially  increase  the  wind  pressure  necessary  to 
move  the  building,  making  it  probably  20  lbs.  or  more  to  the  square  foot. 

It  would  seem  reasonable  to  conclude  that  in  this  case  the  wind 
must  have  exerted  a  force  equivalent  to  a  static  pressure  at  least  16 
lbs.  to  20  lbs.  or  more  per  square  foot  over  an  area  at  least  200  ft. 
long  by  115  ft.  high.  It  is  probable,  however,  that  the  pressure  was 
Bot  uniform,  but  was  double  this  amount  or  more  against  the  upjaer 
part  of  the  building.  The  slight  movement  of  the  building  toward 
the  north,  and  the  greater  lateral  displacement  at  the  south  end  would 
indicate  a  diagonal  direction  of  the  wind  and  a  heavier  pressure  near 
the  latter  end,  while  the  fact  that  the  brick  building  used  as  an  engine- 
room  standing  at  the  south  end  was  entirely  uninjured  by  the  wind 
would  indicate  that  the  pressure  was  varying  and  greatest  near  the  top. 

The  grain  elevators  located  along  the  river  front  have  all  suffered 
more  or  less,  owing  to  their  height  and  exposed  condition.  In  four  other 
buildings  the  cupolas  were  overturned  and  completely  wrecked.  One  of 
these  buildings  showed  indications  of  racking,  though  partially  loaded 
with  grain  at  the  time.  In  another  elevator,  a  building  350  ft.  long 
and  of  the  same  general  construction  as  that  described,  except  that  it 
was  braced  more  effectively  with  the  batter  posts  in  the  transverse  sec- 
tion, there  were  evidences  that  the  building  had  been  partially  moved 
out  of  place  and  settled  back  again.  The  plumb  posts  on  the  extreme 
leeward  side  were  moved  outward  at  the  bottom  for  half  the  length  of 
the  building,  the  displacement  being  11  ins.  at  about  the  quarter  point 
and  varying  to  nothing  at  the  middle  and  end  of  the  building.  On  the 
windward  side  many  of  the  batter  posts  had  fallen  out  of  place  and 
were  found  on  the  floor.  Several  sections  of  the  cupola  at  the  end 
were  torn  away.  The  great  length  and  stiffness  of  this  building  proba- 
bly prevented  it  being  pushed  over  on  its  supports.  The  equiva- 
lent pressure  was  at  least  20  lbs.  for  a  length  of  100  ft.  of  building.  This 
elevator  is  parallel  to  and  north  of  the  bridge,  and  the  wind  was  from 
the  north  or  the  same  direction  as  at  the  bridge. 
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Mercantile  Buildings. — The  damage  wrouglit  on  some  of  the  large 
and  substantially  consti'ucted  buildings,  of  which  there  were  only  a 
few  in  the  path  of  the  storm,  will  convey  some  further  impression  of 
the  force  of  the  wind,  even  if  it  cannot  be  definitely  estimated. 

A  building  of  this  type  is  reiDresented  in  Fig.  2,  Plate  V.  It  is  64 
ft.  wide  by  126  ft.  long  and  six  stories  high,  liuilt  with  heavy  exterior 
walls  and  with  standard  mill  construction  on  the  interior.  The  full 
wall  shown  in  the  illustration  faces  west;  the  east  face  is  similar  in 
construction  to  the  south  front.  The  brickwork  in  the  top  story  was 
13  ins.  thick  in  the  full  wall,  17  ins.  in  the  pilasters  between  the  windows, 
and  was  all  laid  in  mortar  of  lime  and  Louisville  cement.  It  was  built 
three  years  ago,  so  that  the  mortar  had  ample  time  to  set.  The  roof 
was  constructed  of  a  double  thickness  of  planking  with  an  air  space 
filled  with  mineral  wool,  and  was  furnished  with  an  extra  heavy  tar 
and  gravel  covering.  It  was  carried  on  beams  supported  by  9  x  9-in. 
uprights,  and  would  probably  weigh  about  20  to  25  lbs.  per  square 
foot. 

The  entire  sixth-tloor  walls  were  demolished  and  the  roof  lifted  and 
carried  oflf  by  the  wind,  part  of  it  falling  on  and  crushing  the  one- 
story  building  immediately  adjoining  it  on  the  west.  The  wind  evi- 
dently blew  into  the  east  windows  and  lifted  the  roof,  as  nearly 
all  the  posts,  with  the  cast  bearing-plates  still  on  toj)  of  them,  were 
left  standing  in  place;  the  first  row  can  be  seen  in  the  illustration. 

A  second  example  of  the  damage  done  to  a  substantial  building  is 
given  in  Fig.  1,  Plate  VI,  which  shows  the  south  wall  of  the  upper 
four  stories  blown  out  by  the  difference  in  pressure  of  the  air  on  the 
inside  and  the  outside  of  the  building,  the  material  of  the  walls  all 
falling  on  the  outside.  The  walls  were  13  ins.  thick  in  the  fifth  and 
sixth  stories,  and  18  ins.  in  the  third  and  fourth  stories;  the  pilasters 
which  supported  the  floor  girders  were  26  ins.  thick.  The  building 
was  erected  about  eight  years  ago.  With  the  exception  of  the  parapet 
wall  and  a  section  of  the  upper  story  of  the  building,  it  sustained  no 
other  serious  damage. 

Another  instance  of  a  brick  wall  blown  out  by  a  difference  in  press- 
ure occiirred  in  the  elevator  building  at  one  of  the  large  brewery 
plants,  a  brick  shell,  constructed  around  the  grain  bins,  having  its 
walls  stayed  at  intervals  by  slip  anchors  fastened  to  the  sides  of  the 
wooden  bins.    The  end  wall,  13  ins.  thick,  40  ft.  wide,  and  about  75  ft. 
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high,  was  forced  out  its  entire  height.  The  brickwork  in  this  case 
was  laid  in  Portland  cement  mortar,  and  was  of  excellent  quality.  The 
debris  showed  large  sections  of  brick  masonry  still  bonded  solidly  to- 
gether, the  wall  evidently  breaking  through  the  bricks  as  readily  as  at 
the  joint. 

In  Fig.  2,  Plate  VI,  is  shown  the  framework  of  a  group  of  three 
mercantile  buildings  in  various  stages  of  construction,  about  as  they 
appeared  on  the  day  of  tbe  storm,  the  view  being  taken  sometime 
previous.  The  buildings  are  four  stories  and  basement  in  height,  about 
110  ft.  wide  by  250  ft.  long,  situated  end  to  end  in  one  line,  and  partly 
separated  by  oj)en  courts.  The  outer  walls  are  of  heavy  brick  masonry  ; 
the  interior  consists  of  a  skeleton  framework  of  cast-iron  columns  and 
steel  beams.  The  metal-work  was  completed,  except  the  beams 
of  the  outer  panels  of  the  upijer  floors,  which  were  necessarily 
omitted  until  the  walls  were  brought  up  to  the  projier  height.  The 
framework  of  the  bixilding  in  the  foreground,  some  1  200  to  1  500  tons 
in  weight,  was  completely  wrecked  by  the  storm,  the  view  in  Fig.  1, 
Plate  VII,  showing  the  result.  The  building  at  the  extreme  end  had 
the  uiJjper  two  or  three  stories  wrecked,  while  the  frame  in  the  center 
building  escaped  uninjured. 

The  floor  plan  of  the  building  was  of  the  customary  design,  the 
essential  features  being  shown  in  Fig.  13.  It  consisted  of  longitudinal 
girders  of  two  15-in.  X-beams  fastened  together  with  the  usual  cast 
separators.  The  trimming  joists  were  15-in.  I-beams,  and  the  floor 
beams  were  12-in.  X-beams,  coped  and  framed  into  the  girders  so  as  to 
be  flush  on  top.  In  the  outer  panels  a  15-in.  X-tail  trimmer,  adjacent 
to  the  wall  and  framed  into  the  15-in.  trimming  joists  opposite  the 
column  connections,  carried  the  headers,  which  otherwise  would  have 
rested  directly  over  .the  windows,  in  the  brick  walls.  All  connections 
were  made  with  standard  6  x  6  x  i^e'in-  connecting  angles,  with  five 
holes  in  each  leg,  which  came  shop-riveted  to  the  end  of  the  12-in.  floor 
beams.  The  field  connections  to  the  girders  at  all  interior  j^oints  were 
necessarily  made  with  long  bolts;  all  connections  in  the  outer  panels 
adjacent  to  the  wall  were  riveted,  bolts  and  rivets  being  4  in.  diameter. 
The  cast  columns  were  fastened  to  each  other  by  four  f-in.  bolts 
through  heavy  flange  lugs  at  each  joint,  the  girders  and  beams  being 
supported  on  brackets  and  bolted  through  their  webs  to  vertical  lugs 
cast  on  the  columns. 
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The  details  of  tlie  wreckage,  representing,  as  they  do,  a  drop  test  of 
full-size  members  on  an  unusually  large  scale,  i^resent  some  points 
of  interest  in  regard  to  the  behavior  of  the  material  under  extreme 
conditions  that  have  a  direct  application  to  some  details  of  customary 
practice  in  the  steel  framework  of  high  buildings,  and  are  therefore 
given  at  some  length. 


^^^^^ 


^y^^'-^z. 


eg    UIU 


FLOOR  BEAM  12  I 
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'header  12"I. 


TRIMMING  JOIST- 


15  I 


15"I 


Fig.  13. 

The  roof  beams  and  girders  which  fell  on  top  of  the  wreck  were 
subjected  to  no  shock  except  that  due  to  their  own  weight,  and  were 
nearly  all  in  good  condition.  The  floor  beams  on  the  various  floors, 
being  caught  between  falling  columns  and  girders,  were  badly  bent 
and  twisted.  The  author  was  informed  that  a  number  of  the  beams 
had  the  flanges  cracked,  and  he  personally  saw  several  beams  broken  off 
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at  the  ends,  tlie  fracture  beginning  at  the  end  of  the  coped  top  flange 
and  extending  diagonally  across  the  web  and  bottom  flange,  as  shown 
in  Fig.  14.  A  common  method  of  failure  is  shown  in  Fig.  15;  the 
flange  of  the  beam,  i)robably  due  to  a  blow  coming  on  one  edge,  is 
doubled  almost  into  the  line  of  the  web,  and  both  are  deflected  sideways. 
A  careful  inspection  of  numerous  cases  of  extreme  distortion  similar 
to  the  last  failed  to  show  any  cracks  in  the  metal. 

A  striking  fact  noted  throughout  the  work  of  clearing  the  wreck 
was  the  superiority  of  riveted  over  bolted  connections  when  the  joints 
are  subjected  to  strains  from  bending,  twisting  or  wrenching,  such  as 
they  might  be  called  on  to  resist  in  the  column  connections  of  a  high 
building.  In  most  of  the  roof  beam  connections,  and  in  some  of  the 
joints  in  the  floor  where  the  beams  maintained  their  relative  position, 
the    bolts  were  good,  but    wherever  the   beams  were  twisted  out  of 


Fig.  14.  FiO-  15. 

position,  the  bolts  invariably  failed.  Fully  two-thirds  to  three-fourths 
of  all  the  bolted  connections  were  either  broken  apart  or  so  weakened 
that  the  beams  could  be  easily  pulled  apart.  The  riveted  joints,  on 
the  other  hand,  made  a  much  better  showing.  The  floor  beams  of  the 
outside  panels  of  the  first  and  second  floors  were  nearly  all  in  place, 
and  the  joints  riveted  at  the  time  of  the  storm.  These  beams  were 
caught  beneath  the  falling  material  of  the  upper  floors  and  were 
dragged  down  against  the  side  wall  in  such',a  way  as  to  twist  most  of  the 
beams  and  girders  out  of  line  and  position.  Although  these  joints 
were  thus  subjected  to  the  severest  test  of  any  in  the  structure,  yet  in 
nearly  every  instance  they  hung  together  and  required  the  rivets  to  be 
cut  out  before  the  wreckage  could  be  cleared.  The  line  of  tail  trim- 
mers of  the  second  floor  can  be  clearly  seen  against  the  wall  shown  in 
the  right-hand  side  of  Fig.  1,  Plate  VII,  which  is  a  view  of  the  wreck 
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taken  shortly  after  the  accident.  Fig.  2,  Plate  VII,  is  a  view  taken 
during  the  clearing  of  the  wreck. 

At  various  times  during  the  clearing  of  the  wreck  the  author  made 
a  detailed  examination  of  49  of  these  joints,  containing  a  total  of  735 
rivets.  As  on  an  average,  at  least  three  rivets  out  of  the  fifteen  at 
each  joint  were  strained  in  tension,  there  were  149  rivets  in  this  num- 
ber that  were  put  to  a  severe  test.  Fifteen  of  these  rivets,  or  about 
10%  of  the  number,  were  found  with  the  heads  off  or  broken  in  the 
body,  and  seven  were  noticed  that  had  been  elongated  on  one  side  as 
much  as  -/g-  to  ^  in.  The  maximum  number  that  failed  at  any  one  joint 
was  three,  and  in  every  instance  the  rivets  that  were  broken  or  ex- 
cessively distorted  were  in  the  inner  row.  In  three  places  the  material 
had  been  so  violently  wrenched  that  both  connecting  angles  were  torn 
apart  at  the  root  of  the  angle,  and  the  beams  pulled  entirely  away 
from  each  other,  and  in  two  other  instances  one  of  the  angles  was 
torn  apart;  otherwise  the  girders  hung  together  by  the  riveted  joints 
in  continuous  sections.  In  no  instance  was  a  connecting  angle  torn 
entirely  off  from  any  beam  to  which  it  was  riveted. 

Plate  VIII  shows  some  of  the  distorted  rivets,  a  broken  bolt, 
which  is  a  characteristic  specimen,  and  half  of  one  of  the  connecting 
angles  that  was  torn  ajsart.  The  last  was  still  attached  to  the  web 
of  the  beam  by  the  three  rivets,  about  in  the  position  shown  in  the 
illustration.  The  rivets  were  still  sound  and  were  cut  out  in  clearing 
the  wreck.  Evidently  the  angle,  when  pulled  away  from  the  beam, 
split  at  the  rivet  holes  and  pulled  over  the  rivet  heads,  which  were 
somewhat  eccentric  and  did  not  have  their  full  grip,  acting  much  like 
soft  paper  torn  from  a  board  to  which  it  is  nailed. 

At  most  of  the  joints  the  beams  were  bent  around  toward  the  girder 
to  various  angles,  in  some  places  as  small  as  30  degrees.  Fig.  16  is  a 
sketch  of  a  joint  at  the  connection  of  a  12-in.  header  to  the  15-in. 
tail  trimmer,  made  from  measurements  taken  on  the  center  line  of  the 
15-in.  X-beam,  and  is  characteristic  of  the  condition  of  a  great  many 
of  these  connections. 

The  bottom  flange  of  the  beam,  being  very  stiff  laterally,  maintained 
its  line,  but  the  web,  which  was  already  weakened  by  coping  of  the  top 
flange,  was  split  away  from  the  bottom  flange  and  bent  sharply.  The 
connecting  angles  were  distorted  as  shown,  and  the  web  of  the  15-in. 
I-beams  0.41  in.  thick  were  drawn  as  much  as  J  in.  out  of  line.     The 
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rivets  in  these  connections  were  all  sound  and  had  to  be  cut  ont. 
The  rivet  holes  in  the  distorted  webs  of  the  beams  generally  showed 
cracks  at  the  edges  on  the  convex  side. 

It  is  of  course  impossible  to  deduce  any  quantitative  results  from 
a  test  of  material  made  under  such  conditions,  but  the  number  of 
pieces,  the  diversity  of  conditions  and  the  general  uniformity  of  re- 
sults furnish  some  definite  average  values  as  to  the  relative  strength 
of  a  few  structural  details  when  brought  to  the  point  of  failure. 

Considered  in  reference  to  the  particular  instance  and  type  of 
structure  in  which  they  were  observed,  these  facts  have  no  application 


whatever.  Any  standard  floor-beam  connecting  angle  is  probably  of 
ample  strength  if  subjected  to  only  such  treatment  as  it  will  receive 
in  a  floor.  But  as  the  accident  subjected  some  of  these  connections 
to  such  strains  as  rivets,  angles  and  bolts  are  often  expected  to  resist 
in  other  places,  as  in  the  steel  framing  and  column  connections  of 
high  office  buildings,  some  deductions  have  been  drawn  with  reference 
to  their  application  where  they  may  seem  appropriate. 

The  facts  observed  show  conclusively: 

1.  That  for  any  twisting,  wrenching  or  bending  strain  a  J-in.  rivet 
is  far  suj^erior  to  the  ordinary  |-in.  bolt. 
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2.  That  tlie  tension  value  of  tliree  |-in.  steel  rivets  is  sufficient  to 
distort  the  web  of  a  15-in.  41-lb.  X-beam  J  in.  out  of  line  without 
failure  of  the  rivets,  and  is  also  far  in  excess  of  the  bending  resistance 
of  the  metal  in  a  i^-in.  connecting  angle. 

3.  That  a  tension  strain  transmitted  across  the  root  of  an  angle 
from  one  leg  to  the  other  will  cause  a  bending  and  a  distortion  of  the 
angle  and  bring  an  eccentric  tension  strain  on  the  nearest  line  of  bolts 
or  rivets,  and  that  under  such  action,  in  an  angle  as  light  as  -|^,f  in.,  the 
second  row  of  rivets  will  not  act  till  the  first  row  has  failed. 

4.  That  an  eccentric  tension  strain  will  readily  cause  a  bolt  to  fail 
by  bending  or  breaking  iu  the  thread,  while  the  steel  rivet  will  stand 
considerable  distortion  without  failure. 

5.  That  well-riveted  joints  iu  steelwork  will  stand,  even  under  jar 
and  shock,  an  excessive  amount  of  abuse  and  distortion  before  actu- 
ally separating  into  individual  pieces. 

These  facts  are  entirely  in  accord  with  a  theoretical  analysis  and  are 
recorded  here  because  they  are  facts,  and  because  they  apply  so  directly 
to  what  might  be  called  some  of  the  "units  "  of  structixral  work. 

The  rivet  in  tension  has  always  been  an  object  of  suspicion  and 
distrust;  it  would  seem  consistent  to  be  equally  discriminating  against 
some  other  details  often  used;  notably  the  bolt  in  tension,  the  dia- 
phragm plate  resisting  thrust  or  tension,  and  the  thin  connecting  angle 
under  cross-tension  strain. 

III. — Method  of  Action  of  the  Wind. 

While  a  measure  of  the  force  of  the  wind  is  of  the  first  considera- 
tion to  the  engineer,  the  application  of  this  force,  and  the  more  imme- 
diate influences  and  causes  governing  it,  follow  closely  in  point  of  in- 
terest. The  volume  of  destruction  and  the  many  apijarent  vagaries  of 
the  destructive  agent  will  justify  a  brief  resume  of  such  experimental 
knowledge  as  seems  to  have  a  direct  bearing  on  the  subject,  particu- 
larly as  some  of  the  results  obtained  from  laboratory  tests  on  models 
seem  to  find  confirmation  in  the  full-size  test  applied  by  Nature  on  the 
buildings. 

Wind  has  been  defined  as  ' '  merely  the  flowing  away  of  air  from 
where  there  is  a  surplus  of  it  to  where  there  is  a  deficiency. "  All  winds 
from  the  lightest  breeze  to  the  most  disastrous  htirricane  take  their 
rise  in  irregularities  in  the  distribution  of  the  atmospheric  pressure, 
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whether  these  irregularities  originate  in  the  temperature  or  aqueous 
vapor.  The  velocity  of  the  wind,  and,  consequently,  the  force  exerted 
by  it,  must  depend  largely  on  the  difference  in  the  atmospheric  pressure 
at  any  two  points  and  the  distance  between  them. 

The  relation  between  the  flow  of  air  and  the  pressure  it  exerts  on 
surfaces  exposed  to  its  action  is  expressed  by  the  generally  accepted 
formula  P  =■.  c  r'  were  P  is  pressure  in  pounds  per  square  foot,  v  is 
the  velocity  in  miles  per  hours,  and  c  is  a  constant,  affected  by  tem- 
perature and  barometric  pressure,  which  must  be  determined  by 
experiment.  Notwithstanding  the  many  cai*eful  and  elaborate  experi- 
ments *  made  to  determine  or  verify  this  general  formula,  the  value 
assigned  to  the  constant  c  covers  a  wide  range.  The  United  States 
Weather  Bureau  has  adopted  the  value  c  =  0.0040,  making  the 
formula  P  =  0.004  v'.  A  generally  accejjted  value  is  0.005,  while  the 
experiments  of  Whipple  and  Dines  in  England  give  the  value  0.0029,  a 
variation  of  nearly  '2.^%  either  way. 

As  the  values  of  this  constant  have  nearly  all  been  determined  from 
velocities  not  over  60  to  70  miles  jjer  hour,  and  as  it  is,  moreover,  the 
general  opinion  of  nearly  all  investigators  that  the  law  of  pressure- 
velocity  variations  found  by  experiment  with  whirling  machines  is 
correct  only  within  the  range  of  speeds  covered  by  those  experiments, 
the  values  deduced  from  the  lower  velocities  not  being  safely  applic- 
able to  higher  velocities,  it  follows  that  any  formula  must  be  accepted 
as  giving  only  a  very  broad  average  result  for  velocities  up  to  about 
70  miles  per  hour,  and  only  the  most  general  approximation  for  veloci- 
ties much  higher. 

Any  formula  expressing  the  relation  between  the  pressure  and 
velocity  of  the  wind  must  be  based  on  the  assumption  that  the  air 
flows  in  a  uniform  current.  All  experiments  in  the  open  air  show- 
that  the  actual  conditions  are  far  different,  and  the  great  diversity  in 
the  observed  results  is  due  largely  to  the  continued  and  rapid  fluctua- 
tions in  the  velocity  of  the  winds.  The  extent  to  which  this  gusty  nature 
is  characteristic  of  the  wind  at  all  times  and  the  allowance  to  be  made 
for  it  when  using  the  formula  to  convert  wind  velocity  into  pressure, 
appears  more  clearly  in  the  detailed  results  of  the  experiments  made 
by  Professor  C.  F.  Marvin  on  Mount  Washington,   to  determine  the 

*  See  "  Wind  Pressures  in  Engineering  Construction,"  by  W.  H.  Bixby,  Engineering  Atw«, 
March  14th,  1895. 
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value  of  the  constant  in  the  formula  now  in  use  by  the  United  States 
Weather  Bureau. 

The  pressure  exerted  by  the  wind  on  plates  respectively  4  sq.  ft. 
and  9  sq.  ft.  in  ai-ea  were  carefully  measured  by  a  delicate  self  record- 
ing mechanism  for  velocities  ranging  from  7  miles  to  48. 5  miles  per 
hour.  The  velocity  of  the  wind  was  measured  by  the  standard  Robin- 
son anemometer  placed  about  4  ft.  higher  than  the  center  of  the  pres- 
sure plate  and  recorded  by  electrical  contacts  every  fifty  revolutions 
of  the  cups,  equal  to  one-tenth  of  a  mile  of  wind  movement. 

The  following  statement  of  results  is  taken  verbatim  from  the  re- 
port of  Professor  Marvin :  * 

"  The  records  of  the  pressure  and  velocity  of  the  wind  were,  there- 
fore, automatically  and  simultaneously  recorded  on  the  same  sheet  of 
paper.  The  curve  of  pressures,  if  it  can  be  called  a  curve,  presents, 
in  sjjite  of  the  comparatively  rapid  rate  of  rotation  of  the  register,  a 
very  irregular  appearance  indeed.  The  oscillations  do  not,  except  for 
occasional  instants,  correspond  to  harmonic  vibrations  of  the  spring 
and  pressure  jilate  as  a  vibratory  system,  but  are  actual  and  real 
changes  in  wind  pressure.  The  magnitude  of  these  variations  is,  itself, 
very  irregiilar,  but  it  may  be  stated  to  be  approximately  as  much  as 
^5%  of  the  mean  pressure.  There  is,  in  addition  to  these  very  rapid 
variations  in  the  pressure  which  take  place  inside  of  a  second  or  two 
of  time,  other  variations  which  go  through  their  irregular  changes  in 
from  a  few  to  several  minutes'  time. 

"  These  circumstances  led  to  the  following  method  of  rediicing  the 
observations.  The  traces  on  the  record  sheets  were  divided  into  portions 
representing,  generally,  four  or  five  minutes  of  time,  and  during  which 
the  conditions  were,  to  some  extent,  constant.  The  traces  of  the  press- 
ure were  all  gone  over  by  hand  and  a  red-ink  line  drawn  through  the 
pencil  mark  in  such  a  manner  as  to  get  a  mean  curve.  In  this  only 
those  variations  which  were  of  such  short  period  that  the  pencil  marks 
were  too  close  together  to  distinguish  were  evened  up.  All  changes 
of  larger  periods  were  followed  accurately.  The  next  step  consisted 
in  carefully  measuring  the  area  of  each  subdivision,  including,  of 
course,  everything  between  the  red-ink  trace  and  the  line  of  zero  press- 
ure. This  measurement  was  very  satisfactorily  made  by  a  small 
planimeter.  The  mean  pressure  is  now  quite  accurately  found  by  divid- 
ing the  area  by  the  length  of  the  base  of  the  diagram.  The  mean 
wind  velocity  corresponding  to  the  same  portion  of  the  sheet  is  de- 
termined from  the  simultaneous  record  of  the  anemometer.  The  large 
number  of  observations  obtained  in  this  way  have  been  grouped  in 
sets  corresponding  to  the  velocity,  and  a  final  mean  determined. 
*  Annual  Keport,  Chief  SigQal  OflScer,  1890.    Report  upon  Wind  Pressures. 


BAIER   ON   TORNADOES.  257 

"For  engineering  purposes  this  formula  gives  very  closely,  I 
think,  the  actual  pressures  corresponding  to  velocities  computed  by 
the  logarithmic  formula,  as  aj^plied  to  the  Robinson  anemometer,  and 
this  is  the  instrument  almost  imiversally  used  in  measuring  wind 
movements.  Where  the  Robinson  anemometer,  having  its  dials 
graduated  to  read  miles,  is  used,  the  observed  velocity  can  be  easily 
reduced  to  the  true  velocity.* 

"  In  estimating  the  strains  to  which  engineering  striictures  may  be 
subjected  by  the  Avinds,  the  maximum  pressiires  are,  of  course,  the 
most  important.  The  above  formula  gives  a  mean  pressure  corre- 
sponding to  a  mean  wind  velocity.  It  is  important  to  note  that 
momentary  pressures  as  much  as  35^'^^  in  excess  of  the  above  mean 
pressure  may  continually  occur  and  recur.  If  their  rate  of  occur- 
rence be  at  all  synchronous  with  a  natural  time  of  vibration  of  the 
structure  or  any  part  thereof,  remarkable  effects  may  follow." 

A  further  and  more  definite  evidence  of  the  irregular  and  gusty 
action  of  the  winds  is  found  in  the  experiments  of  Professor  S.  P. 
Langley,t  comparing  the  ordinary  records  of  velocity  with  the  actual 
motion  of  the  winds.  The  velocities  of  the  wind,  as  recorded  by  the 
United  States  Weather  Bureau,  are  measured  by  the  standard  Robin- 
son cup  anemometer,  which  in  practice  is  made  to  register  only  the 
completion  of  the  passage  of  each  mile  of  wind.  As  the  instruments 
are  necessarily  made  of  a  strength  and  weight  adajated  to  continuous 
and  general  service,  their  momentum  renders  the  motion  of  the  ciips 
more  uniform  than  that  of  the  wind.  The  records,  therefore,  give 
about  the  average  velocity  of  each  mile  of  wind,  but  do  not  show  the 
intermediate  variations  due  to  sudden  gusts.  To  determine  the  rate 
and  extent  of  these  fluctuations  in  velocity.  Professor  Langley  con- 
ducted a  series  of  experiments  with  a  standard  anemometer  recording 
every  five  revolutions,  and  with  a  special  anemometer  made  so  sensi- 
tive that  it  would  start  and  stop  almost  instantaneously  with  the  wind. 
This  latter  instrument  was  made  of  half  the  usual  diameter,  and  fitted 
with  paper  cones  in  place  of  metal  ciips,  the  weight  and  moment  of 
inertia  being  less  than  1%  of  that  of  the  standard  anemometer.  Elec- 
trical contacts  were  made  every  half  revolution,  recording  the  veloc- 
ities several  times  a  second.  Observations  were  taken  at  Allegheny 
City  and  at  Washington  on  high  points  free  from  irregularities  due  to 
trees,  houses  or  inequalities  of  the  ground  on  different  days,  and  in 

*  See  table  in  Appeudix. 

t  "The  laternal  Work  of  the  Wiad."  S.  P.  Langley,  Smithsonian  Contributions  to 
Knowledge,  No.  884. 
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light  to  moderately  liigli  winds  rangiug  in  velocity  from  9  to  36 
miles  per  hour.  The  experiments  show  clearly  that  even  the  ordinary 
and  comparatively  uniform  wind  is  but  a  succession  of  gusts  of  vary- 
ing intensity.  The  results  of  the  observations  are  shown  graphically 
on  a  series  of  diagrams,  one  of  which,  selected  as  a  characteristic 
example,  is  reproduced  in  Fig.  17.  The  diagram  is  an  actual  record  for 
ten  minutes  showing  the  rapid  changes  that  take  place  in  the  velocity 
of  the  wind. 

The  observed  points  represent  the  wind's  velocities  as  computed 
from  intervals  between  each  successive  contact,  and  for  convenience 
are  connected  by  straight  lines. 

The  heavy  line  through  ABC  rei^resents  the  ordinary  record  of 
the  wind's  velocity  as  obtained  from  a  standard  Robinson  anemometer 
registering  every  mile,  during  the  observations  recording  the  passage 
of  2  miles  of  wind  in  about  5§  minutes  of  time.  The  velocity,  which 
was  nearly  23  miles  per  hour  at  the  beginning,  fell  during  the  course 
of  the  first  mile  to  20  miles  per  hour  and  rose  at  the  end  of  the  second 
mile  to  27  miles  per  hour. 

The  records  of  the  same  wind  made  at  every  second  with  the  spe- 
cially light  anemometer  show  that,  starting  with  23  miles,  it  rose 
within  ten  seconds  to  a  velocity  of  33  miles,  and  within  ten  seconds  more 
fell  to  its  initial  speed;  it  then  rose  within  thirty  seconds  to  a  velocity 
of  36  miles  per  hour,  and  so  on  with  alternate  risings  and  fallings,  at 
one  time  actually  stopping — passing  through  eighteen  notable  maxima 
and  as  many  notable  minima,  the  average  time  of  each  rise  or  each 
fall  being  a  little  over  ten  seconds,  and  the  average  change  of 
velocity  in  this  time  being  10  miles  per  hour.  There  were  in  addition 
almost  innumerable  smaller  variations  which  the  drawings  cannot 
depict. 

A  prominent  feature  presented  in  the  diagram  is  that  the  higher 
the  absolute  velocity  of  the  winds,  the  greater  the  relative  fluctuations 
which  occur  in  it.  In  a  high  wind  the  air  moves  in  a  tumultuous  mass, 
the  velocity  being  at  one  moment  perhaps  40  miles  per  hour,  then  di- 
minishing to  an  almost  instantaneous  calm  and  then  resuming. 

Since  the  air  is  an  elastic  and  nearly  perfect  fluid,  subject  to  con- 
densation and  rarefaction,  and  its  motion  is  practically  without  fric- 
tion, the  successive  velocities  of  any  given  particle  are  in  reality  the 
result  of  incessant  changes  in  all  directions,  and  these  continuous 
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alterations  which  make  the  wind  are  due  to  i)ast  impulses  and  changes 
which  are  preserved  in  it  and  die  away  very  slowly. 

Of  these  irregular  movements  of  the  wind  which  take  place,  up, 
down  and  on  every  side,  only  a  small  portion,  viz.,  those  which  occur 
in  a  nai'row  current,  whose  direction  is  horizontal  and  whose  width  is 
only  the  diameter  of  the  anemometer,  can  be  noted  by  the  instrument. 
However  irregular  the  movements  may  appear  on  the  diagram,  they 
are  far  less  so  than  in  reality,  aud  anything  like  a  fairly  complete 
graphical  representation  is  impossible. 

As  a  result  of  these  observations  Professor  Langley  reaches  the 
conclusion  that  "the  wind  is  not  even  an  approximately  uniform 
moving  mass  of  air,  but  consists  of  a  succession  of  very  brief  pulsations 
of  varying  amplitude,  and  that  relatively  to  the  mean  movement  of  the 
Tvind,  these  are  of  varying  directions." 

Regarding  the  direct  effect  of  wind  pressiire  on  buildings,  some  sug- 
gestive results  were  obtained  by  Professor  Kernot*  with  an  apparatus 
■devised  to  determine  the  relative  pressures  of  the  wind  on  flat  plates, 
cubes,  cylinders  and  other  forms  similar  to  those  emj)loyed  in  ordinary 
construction.  A  steady  jet  of  air  10  x  12  ins.  in  cross-section  was  di- 
rected against  small  models  supported  on  a  very  delicately  arranged 
carriage  running  on  an  accurately  leveled  surface  plate,  the  force 
exerted  being  measured  by  a  delicate  spring  balance.  From  a  large 
number  of  experiments  made  with  this  apparatxis  he  found  that  the 
pressure  on  sloping  roofs  agreed  with  the  results  of  theory  only  when 
the  air  could  blow  freely  underneath.  With  the  model  of  a  roof  placed 
on  a  wall,  as  in  an  ordinary  building,  the  air  was  deflected  upward  aud 
greatly  reduced  the  pressure  on  the  roof;  the  efi'ect  was  more  marked 
when  a  parapet  was  used.  In  the  case  of  a  roof  of  30^  pitch,  with  a 
parapet  0. 16  the  height  of  the  roof,  the  pressure  was  actually  reversed, 
the  roof  having  a  slight  tendency  to  lift.  Experiments  were  tried  as 
to  the  effect  of  the  wind  blowing  in  at  the  open  end  of  a  building  hav- 
ing the  sides  and  other  end  comj^letely  closed,  and  it  was  found  that 
there  was  an  internal  pressure,  tending  to  lift  the  roof  and  force  out 
the  sides,  which  was  eqixal  to  the  pressure  of  the  wind  on  the  exposed 
end.  When  a  plain  surface,  parallel  to  the  wind,  was  brought  nearly 
into  contact  with  the  cylinder,  the  pressure  on  the  latter  was  increased 
nearly  20%,  owing  to  the  lateral  escape  of  the  air  around  the  cylinder 

*  Engineering  /Record,  February  10th,  1894. 
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being  cliecked,  showing  that  a  tower  or  chimney  will  be  subjected  to 
a  miich  greater  pressure  if  there  is  a  building  nearly  touching  it  on  one 
side.  The  variations  of  pressure  caused  by  the  proximity  of  other  sur- 
faces were  very  marked;  each  surface  appeared  to  affect  the  pressure 
on  the  other  surfaces  to  a  distance  in  front  equal  to  its  own  breadth, 
and  in  the  rear  equal  to  several  times  this  distance.  Behind  flat  sur- 
faces eddies  were  found  to  exist  which  caused  other  surfaces  placed 
behind  them  to  be  urged  forward  with  considerable  force. 

The  existence  of  a  suction  on  the  leeward  side  of  surfaces  or  bodies 
exposed  to  the  wind  has  been  generally  recognized,  but  the  experi- 
ments of  Mr.  Irminger,*  a  Danish  engineer,  made  to  determine  the 
amount  of  such  suctions,  shows  it  to  be  present  to  an  unexpected  ex- 
tent. The  measurements  were  made  by  the  use  of  hollow  plates  and 
models  of  thin  sheet  iron  exposed  in  an  air  duct  of  4j  x  9  ins.  cross- 
section,  at  various  angles  and  positions,  to  velocities  ranging  from  16 
to  32  miles  per  hour. 

The  bodies  were  supported  on  a  hollow  axis  closed  at  one  end 
and  connected  at  the  other  with  a  pressure  gauge,  the  axis  commun- 
icating with  the  interior  through  a  series  of  holes.  The  surfaces  to 
be  experimented  with  had  a  series  of  holes  which  were  exposed  in  suc- 
cession, one  at  a  time,  to  the  air  current  and  recorded  the  effect  of  the 
wind,  whether  pressure  or  suction.  In  this  way  both  the  total  effect 
and  the  percentage  of  it  that  was  pressure  or  suction  was  obtained. 

Although  the  small  size  of  the  models  may  give  rise  to  some  ques- 
tion as  to  the  exact  values  obtained,  the  characteristic  features  of  the 
experiment  are  so  marked  and  seem  to  be  so  generally  confirmed  by 
the  effect  of  the  wind  on  buildings  in  St.  Louis,  that  the  results  are 
rej^roduced  here  at  some  length. 

It  was  found  that  with  the  wind  blowing  against  the  plane  at  small 
angles,  say  from  0^  up  to  5^,  the  total  effect  was  due  entirely  to  suc- 
tion on  the  leeward  side,  the  pressure  on  the  windward  side  being 
zero.  With  the  wind  blowing  at  an  angle  of  10^  on  long  and  narrow 
planes  the  total  effect  was  found  to  be  4:5%  of  that  due  to  normal 
wind  suction,  and  87^  of  this  was  due  to  suction.  With  an  increas- 
ing angle  between  the  wind  and  the  surface  acted  upon,  the  effect  due 
to  suction  was  reduced,  but  never  became  less  than  45%";  that  is,  the 
maximum  percentage  of  pressure  alone  was  never  over  55  per  cent. 

*  Engineering  News,  February  14th,  1895. 
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In  the  table  are  given  the  results  on  different-shaped  prisms  of  the 
cross-section  shown,  p  is  the  total  pressure  against  the  plane  sur- 
face, the  height  of  -which  is  .s ;  45%  of  this  total  pressure  is  due 
to  pressure  on  the  windward  side,  and  55%"  due  to  suction  on  the  lee- 
Avard  side.  Similarly,  the  percentage  of  pressure  and  suction  is  given 
for  different  bodies,  as  well  as  the  ratio  the  total  effect  bears  to  the 
total  pressure  on  a  plane  surface.  In  the  case  of  the  cylinder,  which 
was  examined  by  boring  a  single  hole  in  it  and  revolving  it  gradually 
through  360<^,  it  was  found  that  pressure  existed  only  through  an  arc 
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of  70°  at  the  front  of  the  cylinder,  the  remaining  four-fifths   of  the 
surface  of  the  cylinder  showing  a  suction  action. 

The  most  interesting  result  was  that  found  for  a  roof  sloping  at  an 
angle  of  45°,  as  shown  in  Fig.  18.  The  i^ressixre  on  the  windward 
side  Avas  a  maximum  at  the  eaves,  and  became  zero  near  the  top,  chang- 
ing to  a  suction  at  the  ridge.  The  effect  on  the  leeward  side  was  a 
uniform  suction.  Taking  the  normal  pressure  on  a  plane  of  the  same 
dimensions  as  equal  to  p,  the  proportional  effect  on  the  windward  side 
was  found  to  be  a  pressure  of  0. lip,  and  on  the  leeward  side  a  suc- 
tion of  0.36  p.     The  resultant  effect  on  the  total  roof  was  a  force  3  J 
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times  as  large  as  the  pressure  on  the  wiudward  side  alone,  and  was  in- 
clined upward,  exerting  a  strong  lifting  action.  In  another  experi- 
ment made  with  the  model  of  a  building  covered  by  a  dome,  the 
resultant  of  the  pressure  and  suction  upon  the  dome  was  found  to  act 
vertically  upward. 

The  results  of  these  experiments  show  that  the  wind  acts  in  a  di- 
rection quite  different  from  that  generally  assumed  and  usually  pro- 
vided for  in  the  designing  of  bridges,  roofs  and  buildings.  The 
evidences  at  St.  Louis  confirm  this  conclusion. 


Fig.  18. 

IV.    Theory  of  Toknadoes. 

The  immediate  cause  of  tornadoes  and  some  of  the  characteristic 
phenomena  attending  their  occurrence  are  well  established  from 
numerous  records  of  observation  of  funnel-shaped  clouds  and  sand 
storms  on  land,  and  water  spouts  at  sea.  The  knowledge  of  the 
internal  relations  of  velocity  and  pressure  are  dependent  on  the  gen- 
erally accejated  mathematical  theory*  of  William  Ferrel,  supple- 
mented occasionally  in  recent  years  by  the  records  of  self-recording 
meteorological  instruments  that  may  be  near  the  vicinity  of  such  storms. 

The  conditions  favorable  to  a  tornado  are  an  unstable  equilibrium 
of  the  atmosjihere  caused  by  an  excess  of  warm  and  saturated  air  accu- 
mulated under  the  colder  and  heavier  strata  above.  The  lower  strata 
finally  bursting  through  the  upper  one  at  some  jjoint  and  starting  an 
upward  flow,  the  region  of  ascending  currents  is  kept  warmer  and  con- 
sequently rarer,  as  long  as  it  is  supplied  with  air  nearly  or  quite  satu- 
rated. The  latent  heat  which  is  given  out  by  the  condensation  of  the 
vapor  in  the  rising  and  expanding  air  necessarily  keejis  up  the  general 
temperature  far  above  what  it  would  otherwise  be. 

*  "  A  Popular  Treatise  oq  the  Winds."     Wm.  Ferrel. 
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The  great  effect  which  the  presence  of  aqueous  vapor  in  the  rising 
air  has  on  its  temperature  is  more  clearly  seen  by  the  illustration  of 
assuming  a  mass  of  air  at  sea  level  at  temjaerature  27'^  Cent,  and 
pressure  750  mm.,  to  be  transported  upward  without  the  addition  or 
subtraction  of  any  heat  and  noting  the  change  it  undergoes  in  tem- 
peratiire,  due  to  the  expansion  under  diminished  pressure  and  conse- 
quent cooling.  Assuming  the  three  conditions,  dry,  half  saturated, 
and  fully  saturated  air,  the  temiserature  at  various  elevations  and 
corresponding  pressures  is  given  in  the  table.  * 


Elev.  0.°  m. 
Pres.  750  mm. 

1  280  m. 
640  mm. 

2  600  m. 
544  mm. 

3  750  m. 
472  mm. 

5  550  m. 
375  mm. 

Dry 

Temp.  =  27."  C. 
"      =  27.°  C. 
"      =  27."  C. 

13.3^ 
13.3° 
21.2° 

0.° 
6.5° 
15.° 

—11  2 

0.° 
9.5° 

Half  saturated  . . . 
Fully  saturated  . . 

—9.6° 
0° 

The  dry  air  and  the  half-saturated  air  exjaand  and  cool  equally 
until  the  dew  point  of  the  latter  is  reached  at  an  altitude  of  1  280  meters, 
the  temperature  of  each  being  reduced  at  that  level  to  13.3°  Cent. 
The  fully  saturated  air,  kept  warmer  by  the  latent  heat  of  the  moist- 
ure, which  is  continually  condensing,  has  the  much  higher  temperature 
of  21.2°  Cent.  With  further  elevations,  the  dry  air  is  reduced  to  a  tem- 
perature of  zero  at  an  altitude  of  2  600  m.,  but  the  half -saturated  air, 
having  passed  its  dew  point,  has  now  been  kept  warmer  by  latent  heat 
and  has  a  temperature  of  6.5°  Cent.,  the  fully  saturated  air  being  at 
a  temperature  of  15°.  The  temperature  of  the  half-satiirated  air 
becomes  zero  at  an  altitude  of  3  750  m. ,  and  the  fully  saturated  air  is 
not  cooled  to  zero  until  an  altitude  of  5  550  m.  is  reached. 

From  any  slight  disturbing  cause,  the  rising  ciirrents  soon  run  into 

rapid  gyrations  about  the  center,  which  generally  extend  from  above 

downward,  the  process  being  an  inversion  of  the  familiar  comjiarison  of 

the  case  of  water  in  a  shallow  basin  running  out  through  a  hole  in  the 

center.     The  centrifugal  force  of  this  rapidly  revolving  pillar  of  air 

causes  a  rarefaction  and  consequent  cooling  of  the  air  near  the  center 

which  condenses  the  vapor  and  forms  the  water-spout,  or  the  familiar 

funnel  hanging  from  the  base  of  the  cloud.  Unless  the  whirling  motion 

has  reached  the  ground  and  drawn  up  dust  and  debris,  the  outline  of 

the  funnel  represents  a  theoretical  line  of  equal  pressure  and  equal 

*  Values  in  the  table  read  from  "  Hertz'  Graphical  Solution  of  the  Adiabatic  Process"  in 
"  Modern  Meteorology."    Frank  Waldo. 
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temperature,  if  tlie  inflowing  air  is  of  a  uniform  degree  of  saturation; 
or,  in  general,  it  may  be  considered  the  locus  of  tlie  dew  point  condi- 
tions of  the  ascending  and  revolving  air  currents.  With  an  increase  of 
velocity,  the  rarefaction  extends  further  down,  and  the  funnel  lowers. 
The  funnel  is  always  an  indication  of  the  gyratory  motion  of  the  air, 
but  not  necessarily  a  measure  of  its  action.  With  various  degrees 
of  saturation,  different  funnels  would  appear  for  the  same  velocity  of 
gyration.  With  partially  saturated  air  and  the  central  part  of  the 
column  sufficiently  rarefied  and  cooled  to  be  near  the  point  of  conden- 
sation, a  small  change  in  the  gyratory  velocity  will  cause  the  funnel  to 
suddenly  appear  throughout  the  whole  length,  or  as  quickly  disappear, 
making  it  apparently  drop  down  from  the  clouds  and  draw  back  again 
in  a  capricious  manner.  With  the  air  at  or  near  the  point  of  satura- 
tion, the  cloud  will  appear  very  low,  and  a  slight  relief  of  pressure 
cause  a  general  condensation  in  Avhich  the  funnel  is  not  distinguish- 
able. Such  were  probably  the  conditions  at  St.  Louis,  as  the  relative 
humidity  of  the  air  was  0.94. 

The  water  spout  shown  in  Plate  IX,*  which  was  observed  near 
Cape  Cod,  represents  an  exceptionally  perfect  example  of  the 
phenomenon,  and  is  illustrative  of  the  theory.  It  occurred  about 
12.45  o'clock  on  a  warm  and  sultry  day,  lasted  about  17  miniites  and 
then  disappeared,  and  was  followed  after  several  minutes  by  a  second 
spout,  which  dropped  down  from  the  clouds  at  nearly  the  same  place, 
but  was  not  so  large  and  lasted  only  a  short  time.  There  was  prob- 
ably but  one  column  of  gyratory  air,  which  became  invisible  towards 
the  end,  when  the  air  at  the  center  became  denser,  due  to  reduction  of 
velocity;  but  with  a  further  increase  in  the  velocity,  from  some  cause, 
the  rarefaction  and  condensation  would  again  follow  and  the  air  at 
the  center  again  become  visible,  appearing  to  the  observer,  however, 
as  a  second  and  different  spout.  The  photograph  was  taken  at  an 
estimated  distance  of  7  to  10  miles,  some  six  to  ten  minutes  after  the 
spout  had  been  formed.  The  regular  diameter  and  outlines  of  the 
column  and  its  almost  stationary  jjosition  indicate  a  high  degree  of 
uniformity  in  the  conditions  of  the  immediately  surrounding  atmos- 
phere. There  was  a  great  agitation  and  boiling  of  the  water  at  the 
base.  The  column  was  estimated  about  a  mile  high  and  300  ft.  in 
diameter.     The  irregular  form  and  progressive  motion  of  the  second 

*  Reproduced  from  a  photograph  copyrighted  by  Mr.  J.  N.  Chamberlain. 
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spout  show  the  less  uuifonn  conditions  which  iirevailed  near  the  end 
when  the  energy  had  been  nearly  exhausted. 

The  equations  deduced  by  Ferrel  are  based  on  assumed  conditions 
of  no  friction,  either  between  the  currents  of  air  at  different  velocities, 
or  between  the  revolving  air  and  the  surface,  a  gyratory  velocity  very 
great  compared  to  the  velocity  of  the  radial  or  ascending  currents, 
and  a  continuity  of  action  sufficient  to  allow  the  gyratory  motions 
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Fig.  19. 
to  become  uniform.  This  purely  theoretical  treatment  gives  enormous 
velocities  near  the  center  with  very  low  pressure,  and  a  very  rapid 
change  for  both  velocity  and  pressure  for  varying  distances  from  the 
center,  which,  as  Ferrel  repeatedly  cautions,  must  be  greatly  modified 
for  the  effects  of  friction.  With  the  gyrations  brought  to  the  surface, 
the  velocities  of  the  inflowing  air  currents  are  very  small,  as  the  cen- 
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trifugal  force  tends  to  keep  them  out.  To  account  for  the  great 
velocity  of  ascending  currents,  Ferrel  assumes  that  the  friction  at  the 
surface  will  greatly  reduce  the  gyratory  velocity,  and  consequently 
the  centrifugal  force  there,  and  allow  the  side  ctxrrents  to  rush  into 
and  rise  in  the  central  space  of  low  jiressure.  The  pillar  of  revolving 
air,  with  a  hollow  center  extending  nearly,  but  not  quite,  down  to 
the  surface,  acts  like  a  chimney  through  which  the  surface  currents 
rush  up  with  extreme  velocity. 

To  illustrate  more  clearly  the  conditions  existing  in  a  tornado,  the 
tabulated  results  for  one  of  a  number  of  examples  worked  out  by  Ferrel 
have  been  plotted,  and  are  shown  grajihically  in  Fig.  19.  The  vertical 
line  represents  the  axis  of  the  tornado.  The  vertical  ordinates  to  the 
upper  curve  give  the  theoretical  gyratory  velocities  v  in  miles  per 
liour,  varying  inversely  as  the  distance  from  the  center,  and  the  vertical 
ordinates  to  the  lower  curve  give  the  theoretical  reduction  in  pressure 
p  in  millimeters,  each  corresponding  to  the  distance  r  from  the  center 
of  the  tornado,  laid  oif  on  the  horizontal  line.  The  extreme  values  near 
the  center  are  wholly  theoretical  and  would  be  very  much  modified  by 
friction.  The  pressures  at  the  base  would  probably  be  more  nearly  rep- 
resented by  the  dotted  line.  The  high  velocities  and  corresponding  in- 
tensity of  pressure  reached  by  even  an  approach  to  these  theoretical  re- 
sults convey  an  idea  of  jjossible  destruction  that  may  be  somewhat  mis- 
leading as  regards  its  amount,  when  considered  in  reference  to  struct- 
ural work  or  buildings.  The  destructive  work  done  by  the  winds  must 
depend,  not  only  on  the  velocity  of.  the  air,  but  also  upon  the  volume 
in  motion.  The  volume  of  air  having  this  high  velocity  is  very  limited, 
the  same  mass  revolving  around  very  often.  The  time  of  one  revolu- 
tion for  various  jjarticles  of  air,  computed  for  the  velocities  and  dis- 
tances from  the  center  as  taken  from  the  curves,  appears  in  the 
following  table  and  shoAvs  this  more  clearly : 


Velocity — miles  per  hour. 

Distance  from  center. 

Time  of  one  revolution. 

Feet. 

Seconds. 

100 

730 

34.2 

120 

610 

21.7 

150 

485 

13.8 

200 

370 

7.9 

300 

245 

3.5 

400 

180 

1.9 

500 

145 

1.23 
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Assuming,  for  illustration,  that  an  imaginary  rigid  plane,  extend- 
ing any  height  above  the  surface,  were  suddenly  thrust  into  a  tornado 
to  the  center,  the  pressure  on  any  point  on  that  plane  would  be  such  as 
corresponds  to  the  velocity  and  density  of  the  particles  striking  at 
that  point,  but  it  would  last  only  as  long  as  the  time  of  one  revolution 
of  such  particles.  In  this  case  a  pressure  due  to  a  velocity  of  120  miles 
would  last  21.7  seconds,  while  a  pressure  due  to  a  velocity  of  500  miles 
would  last  only  1^  seconds.  This  is  true  in  degree  whenever  a  tornado 
encounters  any  considerable  obstruction  in  its  path.  The  pressure 
due  to  these  high  velocities  may  be  exerted  continuously  on  small  ob- 
jects, but  only  for  brief  periods  on  large  and  rigid  bodies. 

It  is  needless  to  say  that  any  theoretical  discussion  is  dependent  on 
perfect  or  uniform  conditions  that  are  the  excej^tion  in  Nature;  but  the 
results  may  be  taken  to  represent  a  type  to  which  the  actual  occurrences 
are  more  or  less  similar  and  in  rare  cases  attain,  as  in  this  instance  of 
the  water-spout.  Even  in  this  case  the  equations  would  apj)ly  only  to 
the  body  and  have  to  be  largely  modified  for  the  base  of  the  spout, 
where  the  conditions  were  not  so  clearlv  defined. 


V.    Application  of  Theoky  and  Expekimentax,  Results  to   the   St. 

Louis  Tornado. 

The  indications  in  the  St.  Louis  tornado  point  to  a  condition  similar 
to  the  theory  given  by  Ferrel,  if  very  largely  modified  for  surface  con- 
ditions of  friction.  The  very  low  barometric  readings  suggest  the 
interior  conditions  of  the  tornado  while  the  destructive  action  at  the 
surface  does  not  show  evidence  of  that  extreme  force  observed  in  some 
other  tornadoes  and  which  would  necessarily  accompany  the  gyratory 
velocities  required  to  produce  such  a  fall  in  pressure.  Assuming  even 
an  approximate  flow  of  air  from  all  sides  into  the  storm  center  with  the 
velocity  recorded  at  the  Weather  Bureau,  that  is,  about  10  miles  in  12 
minutes,  the  resulting  volume  of  air  to  be  disposed  of  is  enormous. 
The  existence  of  a  very  low  pressure  at  the  axis  of  the  tornado,  allowing 
the  ready  escape  of  the  air  upward,  would  draw  it  in  at  the  surface  and 
might  account  for  a  great  inflow  from  all  sides. 

In  this  instance,  as  is  commonly  the  case  in  tornadic  action,  there 
were  probably  several  tornado  whirls,  more  or  less  completely  de- 
veloped, but  not  extending  quite  to  the  surface,  which  passed  over  the 
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district  and  created  an  area  of  very  low  pressure,  with  a  resultant  infliix 
of  lateral  air  currents  at  very  high  velocities  from  all  sides,  the  latter 
being  probably  the  immediate  cause  of  most  of  the  destruction.  The 
records  of  the  Louisville  tornado,  as  given  in  the  Weather  Bureau  re- 
ports, show  that  most  of  the  damage  there  was  due  to  the  lateral  cur- 
rents toward  the  center.  The  general  indications  and  a  sequence  of 
well-established  incidents  show  very  clearly  that  the  damage  to  the  St. 
Louis  Bridge  was  caused  by  lateral  currents  rushing  into  the  vortex 
which  passed  on  the  south  side  of  the  bridge  as  it  progressed  east- 
ward. 

Allowing  for  the  heavy  proportion  of  the  damage  due  to  flying 
debris  acting  as  projectiles,  and  to  the  direct  action  of  the  wind  in 
blowing  in  one  wall  and  successively  taking  out  the  others,  there  still 
remains  a  large  percentage  of  destruction  Avhich  was  the  result  of  the 
explosive  action  due  to  the  difference  in  j^ressure  of  the  air  on  the 
inside  and  outside  of  buildings.  There  were  numerous  instances  of 
partial  destruction  which  showed  this  action  very  clearly.  The  im- 
mediate cause  for  this  difference  in  pressure  is  a  matter  of  some 
speculative  interest. 

The  great  reduction  in  atmosjjheric  pressure  in  the  center  of 
tornadoes  is  a  possible  cause.  While,  however,  the  possible  destructive 
action  of  such  variations  in  pressure  is  enormous,  the  extent  to  which 
it  is  realized  is  dependent  entirely  upon  the  rapidity  of  the  change. 
If  the  rate  of  change  is  gradual  enough  to  allow  the  confined  air  to 
escajje  and  equalize  the  pressure  inside  of  the  house,  there  will  be  no 
damage  due  to  this  cause.  That  this  change  of  pressure  is  a  more  or 
less  gradual  process  is  evident  from  the  fact  that  the  variation  of  2.4 
ins.  in  the  mercury  barometer,  which  is  equivalent  to  168  lbs.  per 
square  foot,  would,  if  instantly  apjDlied,  completely  burst  open  any 
ordinary  house. 

The  fact  that  the  low  reading  on  the  aneroid  in  the  storm  was 
noted  before  the  advent  of  the  extremely  violent  wind,  and  also  the 
marked  effect  on  the  barometer  at  the  Weather  Bureau,  are  further 
indications  that  this  change  in  pressure  was  a  gradual  one  in  the 
instance.  Assuming  that  the  effect  of  a  possible  reduction  of  3  ins. 
in  the  atmosj^heric  pressure,  as  measured  by  a  mercurial  barometer,  is 
felt  at  the  distance  of  a  mile,  and  that  the  tornado  moves  at  the  rate  of 
40  miles  per  hour,  the  entire  variation  in  pressure  would  be  effected  at 
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any  one  point  iu  Ij  minutes.  To  equalize  the  pressure  for  such  a 
change,  about  one-tenth  of  the  aii*  confined  in  a  building  must  escape. 
For  an  ordinary  room,  say  20  x  15  x  10  ft.,  having  a  capacity  of  3  000 
cu.  ft.,  this  would  mean  a  flow  of  300  cu.  ft.  in  Ij  minutes,  or  an 
average  rate  of  200  cu.  ft.  per  minute.  If  this  rate  is  assumed  as  not 
uniform,  but  as  having  a  possible  maximum  at  some  time  of  twice  that 
amount,  the  flow  must  be  400  cu.  ft.  per  minute.  Under  a  difference 
of  pressure  of  10  lbs.  per  square  foot,  the  flow  of  air  through  an 
ordinary  6-in.  stove  pipe  may  be  about  500  cu.  ft.  per  minute.  Through 
an  open  fireplace  with  an  ordinary  9  x  9-in.  flue,  the  flow  of  air  may  be 
1  000  cu.  ft.,  or  a  single  window  with  an  opening  of  1  in.  will  accom- 
plish the  same  result.  A  house  that  is  entirely  closed,  in  the  ordinary 
sense  of  the  word,  would  have  an  amount  of  leakage  throi;gh  the  doors, 
windows,  chimneys  or  ventilating  flues  tlvit  would  go  far  to  equalize 
any  but  the  most  sudden  change  in  pressure. 

The  observations  of  Prof.  Langley  show  that  the  wind  under  ordi- 
nary conditions  is  subject  to  continual  fluctuations  in  velocity  varying 
from  20%"  to  50%  from  the  average,  and  that  these  variations  become 
greater  at  higher  velocities.  The  conditions  prevailing  in  a  tornado 
must  give  rise  to  the  most  violent  local  action  of  the  wind.  The  in- 
ternal irregularities  which  are  caused  by  the  motion  of  great  volumes 
of  air  rushing  with  accelerated  velocity  towards  a  common  center  are 
rendered  still  more  complex  by  the  usual  presence  of  aqueous  vapor  at 
its  critical  point  with  the  attendant  dynamic  changes  due  to  the 
expansion,  cooling,  condensation  and  latent  heat.  The  presence  in 
the  air  of  the  aqueous  vapor,  with  these  transformations  gradually  but 
continually  going  on,  is  recognized  by  meteorologists  as  the  chief  cause 
of  local  disturbances  of  the  atmosphere.  That  a  storm  with  the  air  at 
the  point  of  saturation  Avill  cause  much  greater  damage  than  one 
under  similar  conditions  as  to  intensity  of  wind,  but  with  the  air 
dry,  as  noted  in  a  previous  discussion*  before  this  Society,  is  further 
evidence  of  the  greater  irregularity  of  the  wind  due  to  this  cause.  If 
the  velocity  of  the  ordinary  wind  will  vary  50%'  from  the  average,  it 
is  quite  probable  that  the  velocity  of  the  inflowing  currents  of  air  at 
the  base  of  a  tornado  may  vary  locally  from  nothing  to  double  the 
average  or  more,  and  that  there  may  be,  at  any  point,  a  momentary 
calm  followed  immediately  by  a  surging  mass  of  air  with  a  velocity 

*  Travsactions,  Vol.  xxxiii,  p.  214. 
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approacliing  or  equal  to  that  due  to  the  gyratory  motion  of  the  tornado 
itself.  When  these  irregularities  in  the  Avind  are  further  comjalicated 
by  the  effects  of  the  broken  siirface  conditions  due  to  the  houses  and 
streets  of  a  closely  built  city,  Avith  the  attendant  obstructions,  eddies 
and  deflections  of  the  currents,  the  motion  of  the  air  must  become  in- 
finitely complex  and  capable  of  almost  any  vagai'ies. 

The  apparent  inconsistency  so  frequently  seen  of  a  weak  and  frail 
structure  Avith  equal  exposure  escaping  close  to  the  general  destruc- 
tion of  a  stronger  building  is  the  most  conclusive  evidence  of  the  un- 
equal action  of  the  wind. 

If  the  characteristic  effects  of  the  wind,  as  known  by  observation 
and  experiment  at  ordinary  velocities,  are  maintained  and  correspond- 
ingly intensified  for  the  high  velocities  attained  for  brief  periods  over 
limited  areas  by  this  gusty  and  irregular  action,  the  destriiction  is 
readily  explained. 

The  familiar  sight  of  the  little  whirlwinds  that  suddenly  appear 
on  a  windy  day,  and  move  along  the  road  or  street  for  a  few  minutes, 
picking  up  leaves,  dust,  or  pajjer,  give  but  a  faint  idea  of  the  possible 
efi'ects  of  the  many  local  Avhirls,  of  varying  magnitude,  that  must  be 
continually  formed  when  the  atmosphere  is  in  such  an  extremely  agi- 
tated and  unstable  condition.  The  meeting  of  sharp  extreme  gusts  of 
wind  will  create  a  whirl  with  an  instantaneous  fall  of  pressure  over  a 
small  area  at  the  axis,  the  latter  being  not  necessarily  vertical,  but  pos- 
sibly horizontal  or  at  any  inclination.  If  such  a  whirl  be  formed  with 
the  axis  against  a  building,  the  sudden  relief  of  pressure  over  a  very 
small  area  will  cause  an  immediate  explosion  of  part  of  the  building. 

The  wind  blowing  into  a  building  will  quickly  pack  the  air  and  create 
a  pressure  and  blow  out  the  weakest  accessible  part,  either  wall  or 
roof.  This  is  particularly  effective  with  large  or  high  spaces  unbraced 
by  cross-walls  or  partitions. 

The  suction  found  to  be  present  on  the  leeward  side  of  obstructions 
to  the  wind  may  account  for  a  great  amount  of  damage.  A  wind  with 
an  average  velocity  of  only  80  miles  per  hour  might  under  extreme 
conditions  have  fluctuations  of  120  to  160  miles  per  hour.  Assuming 
the  values  found  by  Irminger  to  be  approximately  correct,  such  a  wind 
blowing  over  the  top  or  past  the  side  or  at  an  angle  against  a  building 
would  give  a  suction  of  20  lbs.  to  40  lbs.  per  square  foot,  acting  instan- 
taneously and  giving  no  time  for  the  pressure  to  equalize.     The  same 
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experiments  sliow  that  the  wind  blowing  over  the  sloping  roofs  so 
generally  found  on  churches  will  create  a  suction  that  tends  to  raise 
the  covering  off  of  the  trusses,  an  occurrence  that  was  observed  in 
numerous  instances.  The  frequently  observed  stripping  of  patches 
of  slate  out  of  sloping  or  mansard  roofs  is  also  readily  accounted  for 
by  this  action. 

The  very  general  and  repeated  evidences  as  to  the  variable  action 
of  the  wind  suggest  the  desirability  of  further  observations  of  veloc- 
ities recorded  at  shorter  intervals  than  the  nominal  passage  of  every 
mile  of  wind  as  is  customary  in  meteorological  practice.  A  wind 
registering  every  45  seconds  is  necessarily  interpreted  as  rejiresent- 
ing  a  unifoi'm  velocity  of  about  60  miles  per  hour,  while  in  reality 
there  may  be  velocities  of  90  or  100  miles  or  more  in  several  suc- 
cessive gusts  of  five  to  twenty  seconds'  duration,  long  enough  to  over- 
come the  inertia  of  the  heaviest  structure.  It  is  these  destructive 
velocities  that  chiefly  concern  the  engineer,  and  any  deductions 
as  to  j^ressure  made  from  ordinary  velocity  records  may  be  very 
misleading. 

The  valuable  records  of  the  Weather  Bureau  could  be  made  of 
more  service  to  the  engineer  if  sui^plemented  by  a  knowledge  of  such 
fluctuations  from  the  average  velocity  as  may  exist  in  severe  storms 
and  under  varying  conditions  as  to  temperature,  humidity  or  baro- 
metric pressure.  Such  information  could  be  readily  obtained  at  any 
of  the  regular  stations  by  occasional  observations  recorded  on  an 
additional  chronograph  adapted  to  such  service. 

The  salient  features  of  the  St.  Louis  tornado  may  be  summarized 
as  follows: 

The  passage  of  a  local  area  of  extremely  Ioav  atmospheric  pressure 
accompanied  by  a  great  inflow  of  violent  and  gusty  lateral  air  cur- 
rents, with  an  intensity  of  pressure  estimated  at  60  lbs.  per  square 
foot  in  one  instance,  and  85  to  90  lbs.  per  square  foot  in  another. 

In  general  the  intensity  of  pressure  increased  greatly  with  the  alti- 
tude. 

VI. — Necessity  of  Wind  Bracing  for  High  Buildings. 

Much  of  the  destruction  in  St.  Louis  was  undoubtedly  caused  by 
an  intensity  of  wind  pressure  that  it  would  be  neither  possible  nor 
expedient  to  provide  against  in  ordinary  structures,  but  much  of  it 
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was  also  due  to  weak  constructioB.  A  general  observance  of  the 
ordinary  requirements  for  good  building  work  woiild  largely  decrease 
the  damage  due  to  such  storms.  The  great  amount  of  explosive  ac- 
tion was  largely  due  to  the  comjaarative  weakness  of  ordinary  walls 
against  pressure  exerted  from  the  inside  of  buildings.  A  more  effi- 
cient anchorage  of  the  walls  might  limit  this  explosive  action  to  the 
windows.  In  numerous  instances  the  windows  were  blown  in  on  the 
windward  side,  while  the  entire  wall  was  blown  out  on  the  leeward 
side.  Brick  walls  are  materially  stronger  if  well  bonded  with  the 
vertical  joints  filled  with  mortar,  and  a  wall  laid  in  cement  will  un- 
doubtedly withstand  a  greater  lateral  force  than  one  laid  in  lime 
mortar.  It  is  worth  noting  that  the  walls  of  the  buildings  of  the 
Union  Depot  Railway  plant  left  standing  (Fig.  1,  Plate  IV)  were  laid 
in  cement,  while  the  older  buildings,  which  were  entirely  wrecked, 
had  Avails  laid  with  lime  mortar.  The  great  damage  done  to  the 
churches  calls  attention  to  the  great  exposure  of  the  steep  and  lofty 
roofs  siijjported  on  high  and  comparatively  thin  and  unbraced  walls. 
Heavier  buttresses  or  independent  steel  column  supports,  with  bracing 
for  the  roof  trusses,  would  materially  increase  the  safety  of  such 
structures.  In  general,  the  buildings  with  large  areas  of  unbraced 
walls  have  suffered  most. 

The  lofty  office  buildings  common  to  the  large  cities  represent  an 
expenditure  of  money  that  justifies  careful  provision  against  any  de- 
struction that  may  arise  from  even  exceptional  wind  pressures.  The 
question  as  to  what  would  be  the  effect  of  a  tornado  on  these  high 
buildings  is  one  that  has  probably  occurred  to  every  engineer  and 
architect. 

The  periodic  prevalence  of  these  storms  emphasized  by  the  recent 
calamity  in  St.  Louis,  by  the  destruction  in  Louisville  in  1890,  and  by 
a  similar  storm  in  Little  Rock  in  1894,  and  in  Kansas  City  in  1886,  gives 
a  somewhat  broader  public  interest  to  this  question,  and  appears  to 
call  for  its  serious  consideration.  The  evidence  of  the  work  of  the 
wind  in  St.  Louis  suggests  as  an  immediate  answer  to  the  question 
that  it  will  depend  largely  upon  the  nature  of  the  metal  framework 
in  the  building. 

The  high  office  building  represents  the  outcome  of  an  evolution  in 
architectural  and  conieti  active  design  dictated  by  the  commercial  neces- 
sities of  the  age.     The  tendency  to  the  concentration  of  business  in- 
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terests  within  small  areas,  the  excessive  high  values  of  land,  and  the 
necessity  of  realizing  an  adequate  return  on  the  investment,  demand 
a  building  with  many  floors  and  the  maximum  rentable  space  on  each 
floor — a  high  building  with  thin  walls.  The  replacement  of  the  heavy 
exterior  masonry  by  the  lighter  veneer  or  curtain  walls  and  the  conse- 
quent gain  in  available  floor  space  has  been  made  possible  by  the  use 
of  an  iron  or  steel  framework,  primarily  introduced  to  carry  the  verti- 
cal loads  only,  but  gradually  modified  and  strengthened  in  accordance 
with  an  increasing  recognition  of  the  need  of  providing  lateral  strength 
and  stiffness  against  wind  and  other  destructive  forces.  There  still 
exists,  however,  a  great  diversity  in  the  treatment  of  this  feature  of  the 
design. 

The  metal  framework  of  a  building  is  somewhat  generally  called 
the  "  skeleton  "  and  sometimes  a  "  cage."  If  both  of  these  terms  are 
to  be  retained  in  this  special  sense,  a  convenient  distinction  can  be 
made  by  some  restriction  in  their  iise  suggested  by  the  words  them- 
selves. 

Skeleton  is  a  term  clearly  descriptive  of  that  type  of  construction 
to  which  it  was  first  applied,  a  simple  framcAvork  of  columns  and 
beams  whose  efficiency  is  dejiendent  largely  on  the  existence  of  ex- 
terior walls  and  partitions  which  brace  the  building,  and  hold  the 
framework  in  position,  just  as  the  utility  of  the  human  skeleton  is 
dependent  on  the  covering  of  sinews  and  muscles  that  hold  the  com- 
ponent parts  together.  On  the  other  hand,  the  light  framework  of  an 
ordinary  wire  cage  bound  into  one  compact  unit  is  suggestive  of  an 
inherent  strength  and  elastic  resistance  that  renders  any  covering  an 
incident  rather  than  a  necessity.  Cage  is  a  term  peculiarly  descriptive 
of  that  type  of  construction  reisresented  by  the  most  advanced  and  ap- 
proved practice,  a  framework  of  columns  and  beams,  spliced  at  the 
joints,  riveted  at  the  connections,  stiffened  by  an  efficient  bracing  of 
rods,  portals  and  gussets  that  makes  it  independently  safe  against 
any  external  force,  leaving  the  thin  and  light  exterior  walls  with  no 
duty  except  that  of  providing  protection  and  ornamentation  for  the 
building. 

The  effect  of  an  extreme  wind  pressure  on  a  high  office  building 
with  curtain  walls  must  depend  largely  on  the  extent  to  which  the 
frame  of  that  building  partakes  of  the  nature  of  the  skeleton  type  or 
the  cage  type  of  construction. 
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The  possible  work  of  destruction  of  a  toruado  may  appear  more 
clearly  if,  as  Ferrel  siiggests,  the  column  of  rapidly  revolving  air  is 
likened  to  a  tall  flue,  with  heated  and  rarefied  air  in  its  interior.  If  the 
access  of  air  is  cut  off  from  the  lower  central  part  by  the  shell  of  gyrat- 
ing air  extending  down  to  the  surface,  the  lateral  currents  and  ascend- 
ing currents  in  the  interior  will  be  of  no  violence,  but  with  a  somewhat 
free  access  of  air  below  into  the  rarefied  interior,  on  account  of  a  de- 
crease by  friction  of  the  gyratory  velocity  near  the  surface,  the  inrush 
of  lateral  air  currents  becomes  extremely  violent  and  the  velocity  of 
the  uprush  of  air  in  the  interior  becomes  enormous.  In  the  foi'mer 
case  the  destruction  is  mainly  due  to  the  excessively  high  gyratory 
velocities;  the  destruction  is  complete,  but  the  path  narrow.  It  is  the 
condition  that  may  prevail  in  open  country  with  biit  few  objects  to 
destroy  the  energy  of  the  tornado.  In  the  latter  case  the  destruction! 
is  largely  due  to  the  violent  lateral  inrushing  currents.  The  path  is 
wider,  and  the  force  not  so  extreme.  It  is  the  condition  which  must 
prevail  in  any  compactly  built  city,  owing  to  the  great  friction  of  the 
air  arising  from  the  irregularities  due  to  the  many  buildings. 

The  first  high  isolated  building  encountered  will  feel  the  full 
force  of  the  gyratory  velocity,  but  the  resistance  of  the  building' 
destroys  this  velocity  and  the  work  of  destruction  wrought  on  that 
building  must  represent  an  equivalent  diminution  of  energy  in  the 
lower  section  of  the  tornado,  which  can  only  be  renewed  by  its  further 
unobstructed  i^rogress  during  such  appreciable  time  as  is  necessary  to 
restore  the  gyratory  velocity.  A  succession  of  high  buildings  will 
prevent  such  recovery  of  velocity. 

The  destructive  power  of  a  tornado  on  massive  building  work  due 
to  these  excessively  high  gyratory  velocities  is  therefore  soon  ex- 
hausted, but  the  wind  pressures  due  to  the  violent  currents  rushing  in 
from  all  sides  are  only  intensified  thereby. 

If  a  tornadic  storm  with  a  well-developed  whirl  should  pass  through 
the  section  of  any  city  containing  very  high  buildings,  the  general 
level  of  the  top  of  the  lower  buildings  becomes  equivalent  to 
the  ground  surface,  and  it  seems  fair  to  assume  as  the  result  the 
same  general  action  that  has  been  found  near  the  surface,  modified  or 
intensified  in  its  irregularity  according  to  the  degree  of  uniformity  in 
the  general  height  of  the  majority  of  the  buildings.  There  may  be 
the  extreme  i^ressures  due  to  the  gyratoi-y  velocity   of  the  tornado 
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proper  exerted  over  a  limited  area  and  for  a  very  limited  time.  There 
will  be  a  far  wider  zoue  of  lateral  inrushing  winds  at  liigh  velocities 
lasting  throughout  the  progress  of  the  tornado  and  attended  by  the 
additional  complications  that  may  arise  due  to  the  concentration  of 
air  currents  in  the  deep  valleys  formed  by  the  streets  between  the 
buildings.  The  i^robable  result  would  be  an  extremely  variable  and 
intense  action  of  the  wind  about  the  tops  of  the  lower  buildings,  the 
same  action  concentrated  locally  at  about  that  level  on  the  higher 
buildings,  accompanied  with  a  general  severe  jjressure  over  the  entire 
exposed  area  of  the  latter,  this  latter  pressure  j^robably  being  a  max- 
imum near  the  top  or  at  least  some  distance  above  the  general  level 
where  the  friction  is  not  so  great. 

A  characteristic  feature  of  the  St.  Louis  tornado,  and  one  which, 
judging  from  records  and  jjublished  views,  is  also  common  to  other 
tornadoes  and  violent  hurricanes,  is  the  general  destruction  of  the 
ordinary  brick  and  stone  walls.  Regardless  of  the  sequence  in  which 
they  may  explode  outward  or  are  blown  inward,  and  of  a  possible 
difference  of  opinion  as  to  whether  the  explosion  is  due  to  a  plenum,  a 
vacuum  or  a  suction,  the  essential  fact  remains  that  the  walls  do 
very  generally  fail. 

Assuming  a  similar  action  of  the  wind,  the  buildings  of  an  average 
height  will  probably  have  the  walls  at  the  top  or  exposed  corners  de- 
stroyed, or,  if  particularly  weak,  may  be  shaken  down.  The  buildings 
above  the  average  height  would  be  very  liable  to  have  part  of  the  walls 
at  any  level  blown  in  or  taken  out.  An  office  building  with  the  curtain 
walls  of  one  or  more  stories  removed  would  support  the  remaining 
enveloped  superstructure  precisely  in  the  manner  of  the  grain  elevator 
before  it  was  struck  by  the  storm. 

If,  now,  the  building  is  of  the  pure  skeleton  type,  it  will  have  only 
the  elements  of  stability  that  existed  in  the  case  of  the  elevator — its 
weight — above  the  floor  in  question,  and  possibly  some  additional 
bracing  of  a  more  or  less  uncertain  value,  and  under  the  action  of 
even  such  pressure  as  may  exist  at  some  distance  from  the  vortex  of 
the  tornado,  it  will  fail,  just  as  the  elevator  failed;  it  will  topple  over 
and  fall  to  one  side  or  towards  one  corner  on  the  floor  below.  Instead, 
however,  of  landing  on  a  massive  stone  foundation,  the  thousands  of 
tons  of  weight  of  the  three,  four  or  six  stories,  as  the  case  may  be,  of  the 
upper  section  of  the  biiilding   will  fall  with  a  crushing  force,  con- 
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centrated  on  the  leeward  side,  on  the  section  below.  The  heavy  oak 
girders  under  the  leeward  edge  of  the  elevator  were  mashed  into  a 
bundle  of  splinters,  while  the  windward  edge  was  held  some  distance 
above  the  foundation.  As  the  striking  force  of  a  freely  falling  body 
is  equal  to  the  product  of  its  weight  multiplied  by  the  distance  through 
which  it  falls,  about  12  ft.  in  the  case  of  an  office  building  falling  one 
story,  the  resulting  pressure  on  some  of  the  columns  may  easily  be 
ten  to  twenty  times  the  load  they  were  designed  to  carry  and  several 
times  their  ultimate  strength;  the  result  must  be  a  collapse  of  part  or 
all  of  the  lower  section,  with  a  possible  toppling  over  of  the  upper 
section  to  one  side  into  the  street  or  on  a  lower  adjacent  building. 

If  the  building  is  of  the  cage  type,  it  will  stand  safely  under  a 
wind  pressure  that  will  destroy  the  skeleton  building.  While  the 
failure  of  the  walls  at  any  story  may  reduce  the  rigidity  somewhat, 
it  cannot  affect  the  strength  of  a  framework  designed  without  plac- 
ing any  dependence  on  the  covering.  Such  a  framework  will  readily 
carry  the  lateral  stresses  from  the  upper  section  to  the  section 
below. 

If  the  pressure  should  reach  a  destructive  intensity,  the  exact 
line  of  yielding  of  a  cage  frame  is  not  so  clearly  defined.  The  tend- 
ency to  lateral  displacement  will  be  a  maximum  at  some  one  story, 
dejiending  on  the  distribution  and  cumulative  effect  of  the  wind 
pressure  aided  jjossibly  by  the  weakening  due  to  localized  failure  of 
walls  or  partitions.  As  the  frame  is  of  a  gradually  varying  strength 
from  the  toj?  down,  the  distortion  can  hardly  be  confined  to  one  level, 
but  would  probably  involve  the  members  of  the  adjacent  stories,  the 
effect  being  a  general  racking  or  leaning  of  the  building.  With  strains 
near  the  ultimate  strength,  the  failure  at  some  point  may  concentrate 
a  distortion  at  that  level,  and  the  upper  section  of  the  building  may 
be  pushed  to  one  side  and  ultimately  settle  down  on  the  floor  below. 

The  essential  difference  lies  in  the  fact  that  a  wind  of  sufficient  force 
and  duration  to  push  the  upper  section  of  a  building  to  one  side  a  dis- 
tance about  equal  to  the  width  of  a  column  may  cause  total  destruc- 
tion in  a  skeleton  building,  while  a  cage  under  the  same  circumstances 
may  suffer  only  a  local  damage  that  can  possibly  be  repaired  at  a  com*- 
paratively  small  cost.  In  a  skeleton  building,  the  instant  the  columns 
are  pushed  beyond  the  critical  or  balancing  point,  the  weight  is  re- 
versed in  its  action  from  an   element  of  safetv  to  an  almost  unresisted 
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element  of  destruction.  With  a  cage  type  of  construction  the  weight 
of  the  building  after  some  displacement  has  taken  place  also  acts  with 
the  wind  as  a  destructive  agent,  but  not  unresisted.  The  work  that 
must  be  done  in  the  necessary  bending,  twisting  and  general  distortion 
and  breaking  of  the  metal  in  the  columns  and  beams  must  largely 
absorb  the  energy  of  the  falling  mass  and  have  the  effect  of  letting  it 
settle  down  on  sjirings.  The  local  peculiarities  of  the  building,  the 
unequal  distribution  of  the  wind  pressure,  and  the  changing  direction 
of  the  wind,  make  it  more  than  jirobable  that  such  failure  will  not  be 
symmetrical,  but  will  have  a  torsional  effect  on  the  upper  section  of 
the  building. 

However  difficult  it  is  to  foresee  the  many  possibilities,  it  is  safe  to 
assume  that  in  one  way  or  another  the  framework  will  hang  together 
sufficiently  to  prevent  any  considerable  part  of  the  building  from  fall- 
ing down  bodily  on  to  streets  or  buildings  below.  Even  under  the  most 
extreme  conditions  it  is  difficult  to  conceive  how  such  a  building,  or  a 
large  part  of  it,  can  entirely  collapse.  The  general  destruction  of 
windows  and  walls  will  greatly  relieve  the  wind  pressure,  the  frame, 
partly  bent,  twisted  and  distorted,  must  still  hold  together.  The 
chances  are  that  most  of  the  occupants  will  escape  alive  and  many 
uninjured.  The  most  striking  feature  of  the  St.  Louis  tornado  is  the 
countless  number  of  hairbreadth  escapes  and  the  very  small  number 
of  people  killed  inside  of  houses  unless  by  the  entire  collapse  of 
the  structures  ;  incredible  as  it  may  seem,  under  such  extreme  con- 
ditions, the  fatalities  attending  only  local  failui'e  of  a  building  are 
comparatively  few. 

The  effect  of  a  destructive  Avind  pressure  on  any  high  building  with 
curtain  walls  may  be  assumed  to  approach  that  outlined  above  in  pro- 
portion as  its  framework  i3artakes  of  the  nature  of  a  skeleton  or  cage 
type  of  construction,  using  these  terms  in  the  restricted  sense  indi- 
cated in  this  laaper. 

The  destructive  eifect  of  the  total  collapse  of  buildings  has  been  too 
frequently  noted  to  require  further  mention.  The  method  of  failure 
of  the  grain  elevator,  taken  in  connection  with  the  view  of  the  wreck 
of  the  skeleton  framework  in  Fig.  1,  Plate  VII,  indicates  what  might 
hajjpen  to  a  high  building  of  the  jjure  skeleton  ty])e  if  brought  to  the 
point  of  failure.  The  assumed  action  of  the  cage  ty^je  of  building  is 
dependent  on  an  efficiency  in  general  design,  and  particiilarly  in  the 
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detailing  of  connections  which  can  be  readily  attained  if  the  necessity 
for  it  ia  recognized.  In  the  absence  of  any  definite  tests  of  full-size 
tyijical  details  nsed  in  the  structural  work  of  buildings,  the  action  of 
the  metal  under  extreme  distortion  must  be  estimated  from  the  results 
shown  by  sample  specimens,  verified  by  occasional  ojiportunities  to 
notice  its  behavior  under  accidental  tests  of  great  severity  that  may  be 
caused  by  collisions  or  derailments  on  or  near  bridges  and  viaducts. 
The  riveted  joints  mentioned  earlier  in  the  paper  show  what  may  be 
expected  in  details  involving  similar  principles  of  design. 

The  possibility  of  a  high  office  building  being  actually  subjected  to 
a  destructive  wind  pressure  has  often  been  considered  largely  in  the 
light  of  a  theory.  The  St.  Louis  tornado  passed  within  less  than  a 
mile  of  the  office  buildings  in  that  city.  Fortunately  it  made  no  test 
of  the  buildings,  but  it  has  left  some  definite  evidence  of  the  possible 
force  of  the  wind  and  of  the  action  of  this  force  on  the  materials  of 
construction.  While  it  raises  anew  the  question  as  to  the  amount  of 
wind  force  which  should  be  provided  for  in  designing  high  buildings, 
it  raises  with  more  emphasis  the  question  as  to  the  method  of  j^rovid- 
ing  for  this  force  after  its  amount  has  been  assumed.  Any  dependence 
placed  on  curtain  walls  and  partitions  for  lateral  strength  is  open  to 
very  grave  question.  The  rigidity  imjjarted  to  a  building  by  the 
simultaneous  action  of  the  total  mass  of  material  u.nder  ordinary  con- 
ditions is  no  indication  of  the  ultimate  strength  that  may  be  developed 
at  a  critical  moment,  and  the  very  general  failure  of  the  walls  under 
extreme  wind  pressure  further  destroys  any  certainty  of  such  assist- 
ance as  might  be  otherwise  relied  ujaon.  The  elements  of  safety 
against  wind  force,  exclusive  of  the  strength  that  may  come  from  the 
walls  and  partitions  where  they  exist,  are  the  stability  due  to  weight 
alone,  stability  due  to  the  strength  and  stiffness  of  the  frame,  and, 
when  the  force  is  a  sudden  one,  the  inertia  of  the  mass  resisting 
motion. 

It  may  be  of  interest  to  estimate  just  how  sudden  and  how  shortlived 
the  force  must  be  to  justify  placing  any  dependence  on  the  inertia  of  the 
structure  for  safety.  The  force  required  to  set  in  motion  and  move  over  a 
given  distance  any  mass,  otherwise  balanced,  is  capable  of  exact  compu- 
tation if  the  time  allowed  for  such  motion  is  known.     The  equation  is 

derived  from  the  law  for  falling  bodies  and  is  i^  = -■,  where  F^  is  the 
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total  force,  w  the  weight  moved  in  pounds,  d  the  distance  moved  over 
in  feet,  t  the  time  in  seconds,  and  g  is  32.2. 

The  following  table,  computed  from  this  formula,  gives  the  force 
required  to  overcome  the  inertia  of  a  ton  of  2  000  lbs.  and  move  it 
varying  distances  in  times  varying  from  one  second  to  thirty  seconds. 

FoKCE  IN  Pounds  Requiked  to  Ovekcome  the   Inertia  of  and  Move 
A  Mass  of  1  Ton. 


Time  in  Sec. 

Distance 

Moved 

1  in. 

Sins. 

6  ins. 

1  ft. 

2  ft. 

4  ft. 

6  ft. 

745 
186 

83 

46 

30 

20.7 

11.6 
7.4 
3.3 
1.86 
0.83 

8  ft. 

10  ft. 

16.1  ft. 

1 

10.3 
2.6 
1.15 
0.64 
0.41 
0.28 
0.16 
0.10 
0.046 
0.026 
0.012 

31 

7.7 

3.4 

1.94 

1.24 

0.86 

0.48 

0.31 

0.14 

0.078 

0.035 

62 

15.5 
6.9 
3.9 
2.4 
1.72 
0.97 
0.62 
0.27 
0.155 
0.069 

124.22 

31 

13.8 
7.7 
4.9 
3.4 
1.94 
1.24 
0.55 
0.31 
0.138 

248 

62 

27 

15.5 
9.9 
6.9 
3.8 
2.4 
1.10 
0.62 
0.28 

497 
124 

55 

31 

19.8 

13.8 
7.7 
4.9 
2.21 
1.24 
0  55 

994 
248 
110 
62 
40 
28 
15.5 
9.9 
4.4 
2.5 
1.10 

1242 
310 
138 
77 
49 
34.5 
19.4 
12.4 
5.5 
3.11 
1.38 

2  000 

2 

500 

3 

222 

4 

5 

125 

80 

6 

55 

8 

31 

10 

20 

15 

8.9 

20 

5.0 

30 

2.22 

Assuming  as  an  illustration  the  weight  of  a  ton  suspended  as  a 
pendulum  by  a  very  long  cord,  then  to  swing  it  1  ft.  in  one  second 
will  require  a  force  of  124.2  lbs.,  while  the  mere  pressure  of  Ij  lbs.  will 
accomplish  the  same  result  if  the  time  allowed  is  10  seconds,  or  about 
the  average  duration  of  a  gust  of  wind  in  Professor  Langley's  experi- 
ments. Applying  the  figures  in  the  table  to  the  case  of  a  narrow  build- 
ing, say  32  ft.  wide,  and  assuming  the  upper  section  100  ft.  high  by  100 
ft.  long,  having  thus  an  exposed  area  of  10  000  sq.  ft. ,  to  weigh  5  000 
tons,  then  the  force  necessary  simply  to  overcome  the  inertia  and  move 
this  part  of  the  building  the  respective  distances  of  1  in.  or  1  ft.  or  16 
ft. ,  in  various  intervals  of  time,  is  equivalent  to  a  pressure  per  square 
foot  of  the  exjjosed  areas  as  follows : 


t. 

d  =  1  in. 

d  =  1  ft. 

d  =  16  ft 

1  second 

2  "      

3  "      

5        "      

10        "      

15         "      

5.2  lbs.  per  sq.  ft. 

1.3  "      •' 
0.5      ••      " 

0.2      

0.05    '■      " 
0.02    "      •' 

62.11bs.  per  sq.ft. 
15.4     "      " 

6.9    "      " 

2.5 ' 

0.6     •'      " 

0.3     "      •• 

1  000     lbs.  per  sq.  ft. 

250        

Ill        "      " 
40       "      " 

10       ' 

4.4    "      ■• 
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These  figures  will  readily  indicate  how  great  a  resistance  the  inertia 
of  a  building  may  offer  to  the  motion  necessary  to  overturn  it 
under  the  action  of  a  brief  gust  of  wind,  and  how  comparatively  little 
this  resistance  becomes  to  such  motion  as  is  necessary  merely  to 
push  it  over  on  its  supports.  To  overturn  the  building  in  10  seconds 
a  pressure  of  10  lbs.  per  square  foot  is  necessary  to  give  it  the  neces- 
sary motion  in  addition  to  the  force  required  to  overcome  its  stability. 
The  resistance  of  inertia  for  a  movement  of  1  ft.  against  a  gust  five 
seconds  in  duration  will  be  2.5  lbs.  per  square  foot,  and  for  10  seconds 
it  will  be  only  0. 6  lb.  per  square  foot.  For  shorter  periods  the  value 
of  inertia  becomes  very  high,  but  may  on  the  other  hand  be  entirely 
overbalanced  by  the  cumulative  eft'ect  of  the  vibrations  of  the  build- 
ing acting  in  rhythm  with  the  pulsations  of  the  wind.  Exi^eriments 
on  Chicago  buildings  under  heavy  winds  show  the  time  of  a  com- 
plete vibration  to  be  about  two  seconds.  The  resistance  of  inertia 
to  the  destructive  effect  of  brief  but  intense  pressure,  such  as  is  due  to 
the  gyratory  velocity  in  the  vortex  of  a  tornado,  is  fortunately  very 
great. 

Stability  due  to  weight  alone  is  proj^ortional  to  that  weight  and  to 
-the  breadth  of  base  of  the  siapport.  Its  value  as  an  element  of  safety 
is  a  most  definite  one,  and  may  be  sufficient.  Considered  with  refer- 
ence to  overturning,  a  large  elevator  or  building  may  be  safe  beyond 
all  question,  yet  with  reference  to  its  column  supports  the  same 
structure  may  be  in  comparatively  unstable  equilibrium,  as  a  relatively 
small  movement  of  the  center  of  gravity  will  throw  it  out  of  balance. 
The  total  force  required  to  overturn  a  building  of  a  given  weight 
increases  directly  with  the  breadth  of  that  building,  but  the  total 
force  required  to  push  it  over  on  its  supporting  columns  is  a  constant 
depending  solely  ujaon  the  height  and  breadth  of  base  of  those  columns, 
and  is  independent  of  the  dimensions  of  the  building,  of  the  number 
of  supporting  columns,  or  the  material  they  are  made  of.  Any 
structural  member  that  is  used  simply  as  a  prop  or  sujjport  can  have 
only  such  value  as  is  incident  to  that  use,  whether  it  is  made  of  wood, 
of  stone,  of  cast  iron,  or  of  steel. 

The  elements  of  strength  and  safety  inherent  in  a  well-designed 
cage  built  of  the  proper  material,  with  all  its  members  thoroughly 
riveted  together,  are  present  in  that  frame  in  greater  or  less  degree, 
until  it  is  torn  or  cut  apart  piece  by  piece.     A  steel  frame  built  to  be 
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safe  for  a  wind  pressure  of  30  lbs.  per  square  foot  proi)ortioned  by  unit 
strains  of  one-half  the  elastic  limit  would  probably  withstand  a  pressure 
from  40  to  80  lbs.  per  square  foot  before  the  frame  yields.  This  range 
depends  largely  on  the  care  with  which  the  connections  have  been 
detailed,  the  extent  to  which  possible  unequal  settlement  of  the 
foimdations  has  already  overstrained  the  frame,  and  on  the  reduction 
of  the  effective  surface  exposed  to  the  wind  by  the  destruction  of  the 
walls  in  the  jaanels  between  the  framework,  leaving  part  of  the  wind 
to  blow  through  unresisted. 

The  details  of  construction  that  provide  lateral  strength  and  safety 
against  an  assumed  wind  pressure  are  of  the  first  importance.  The 
subject  of  this  paper,  however,  suggests  a  fiirther  consideration  of 
these  same  details  of  construction  assuming  that  they  may  be  strained 
by  wind  ijressures  beyond  their  safe  limits.  If  a  building  is  never 
under  any  circumstances  to  fail,  the  problem  is  completely  solved  as 
soon  as  it  is  designed  to  stand  under  the  assumed  pressure.  Assume 
that  it  may  some  day  be  brought  to  the  point  of  yielding,  and  immedi- 
ately some  pertinent  questions  arise  as  to  the  possible  results. 

While  the  destruction  and  loss  of  the  upper  section  of  a  building- 
may  be  a  matter  of  serious  consideration  to  the  owner,  the  disposition 
which  a  tornado  would  make  of  that  section  of  the  building  may  be  an 
equally  or  more  serious  matter  to  the  adjoining  property-owners.  If 
it  is  impossible  to  foresee  the  extreme  force  of  the  elements  or  imprac- 
ticable from  economic  reasons  to  provide  against  them  entirely,  it  cer- 
tainly is  rational  to  make  such  modifications  in  a  design  as  will  reduce 
the  jiossible  disaster  and  damage  to  a  minimum.  A  very  material  in- 
crease of  safety  in  this  direction  can  generally  be  secured  at  a  com- 
paratively small  additional  ex^jense,  depending  largely  on  the  attitude 
of  the  designer  to  the  problem.  The  design  of  a  building  to  be  sub- 
jected safely  to  a  given  wind  pressure  and  never  to  any  more  is  a  definite 
problem  involving  only  arbitrarily  fixed  working  stresses.  A  design  of 
that  same  building  for  the  same  condition  of  safety  but  with  the  fur- 
ther recognition  of  the  fact  that  it  may  be  exposed  to  destructive  press- 
ures and  with  an  effort  to  develop  the  ultimate  strength  and  resistance 
of  the  material  in  the  cage  to  resist  those  pressures,  is  a  problem  that 
will  develop  some  additional  considerations. 

A  destructive  lateral  force  exerted  against  the  upper  section  of  the 
building  will  not  be  lost  or  dissii^ated  but  must  follow  some  well-de- 
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fined  path  till  it  reaches  the  foundation.  If  a  building  is  to  fail  later- 
ally, then  the  ultimate  strength  of  members  under  the  action  of  lateral 
forces  becomes  of  the  first  importance.  Upright  members  are  no 
longer  simply  columns,  but  are  more  properly  considered  as  vertical 
beams  carrying  some  initial  load,  and,  viewed  in  that  light,  must  have 
all  the  essential  elements  of  a  good  beam.  The  unequal  straining  and 
successive  failure  of  the  rivets,  due  to  their  unsymmetrical  distribution 
in  the  connections,  may  become  an  important  element  of  the  design 
when  the  stresses  are  sufficient  to  overcome  the  averaging  effect  of 
the  frictional  resistance.  The  relative  values  of  the  ultimate  or  elastic 
limit  stresses  may  suggest  details  at  the  connections  somewhat  dif- 
ferent from  those  indicated  by  the  fixed  ratios  of  assumed  working 
stresses. 

A  brief  analysis  of  possible  results  aj^plied  to  the  definite  circum- 
stances and  conditions  of  any  i>articular  building  may  suggest  probable 
failure  along  one  or  several  well-defined  lines,  and  as  readily  suggest 
modifications  that  will  materially  increase  the  strength  of  the  struct- 
iire,  or  at  least  define  and  limit  the  amount  of  destruction. 

The  amount  of  metal  required  for  an  efficient  system  of  wind  brac- 
ing is  but  a  small  part  of  the  weight  of  the  metal  in  the  entire  frame, 
and  the  cost  of  the  latter  is  only  about  10%  to  20%"  of  the  expenditure 
for  the  entire  biiilding,  exclusive  of  the  site.  The  cost  of  the  wind 
bracing  can  represent,  therefore,  only  a  very  small  proportion  of  the 
total  capital  invested.  When  it  is  considered  that  any  additional 
metal  used  to  strengthen  the  cage  as  a  precaution  against  wind  force  is 
equally  eftective  against  possible  damage  due  to  earthquake  shocks  or 
to  the  unequal  settlement  of  the  foundations,  and  is  also  an  additional 
margin  provided  against  the  weakening  effect  of  corrosion,  the  slight 
increase  in  cost  must  appear  trifling  as  compared  to  the  amount  of 
the  entire  investment  and  the  additional  protection  secured  for  the 
property. 

It  is  somewhat  unfortunate  that  the  merits  of  the  design  of  the 
framework  are  not  so  readily  appai*eut  to  the  investor,  and  that  this 
part  of  the  structure  is  of  necessity  immediately  covered  and  per- 
manently concealed  from  view.  If  the  difference  in  strength  and 
security  due  to  the  construction  of  the  frames  of  some  of  these  great 
buildings  were  as  generally  evident,  as,  for  instance,  the  difference  in 
strength  due  to  the  varying  thickness  of  solid  masonry  walls  Avas  in 


284  BAIER    OR   TORNADOES. 

older  forms  of  construction,  thei-e  would  probably  be  a  more  general 
recognition  on  the  part  of  the  owners  of  the  need  of  securing  the 
best  type  of  framework. 

A  discussion  of  the  safety  of  high  buildings  is  applicable  to  other 
high  structures,  such  as  chimneys,  shot  towers,  water  towers,  etc., 
and  suggests  that  the  development  of  the  cage  construction  in  build- 
ings to  its  present  advanced  type  makes  it  equally  available  for  other 
structures  of  the  kind  named  above.  Monuments  built  with  no  con- 
sideration of  expense  will  find  ample  security  in  their  weight,  but  for 
any  high  structure  in  which  cost  and  security  are  both  of  importance, 
the  cage  type  of  construction  is  thoroughly  applicable  and  may  have 
special  advantages.  The  saving  of  material  in  the  walls,  and  par- 
ticularly in  the  foundations,  may  more  than  equal  the  additional  cost 
of  the  steel  work  when  designed  for  the  same  strength  and  security. 
The  objection  to  any  open  tower  built  of  structural  metalwork  in  a 
city  on  the  score  of  its  inherent  ugliness  is  removed  by  adopting  such 
treatment  as  the  architects  have  developed  in  the  design  of  high  office 
buildings.  Any  shaft  or  high  structure  that  has  lines  of  stability 
can  be  readily  supported  on  a  steel  cage  that  will  not  interfere  with  its 
outlines,  with  probably  a  great  gain  in  safety. 

The  amount  of  wind  pressure  to  be  provided  for  in  the  design  of 
high  buildings  will  no  doubt  be  variously  estimated,  depending  on 
the  weight  given  in  the  judgment  of  the  designer  and  of  the  owner  of 
the  building  to  the  probability  of  exposure  to  such  pressures.  The 
statistics  as  to  the  frequency  of  tornados  given  in  the  appendix  show 
that  the  possibility  of  their  occurrence  cannot  be  entirely  disregarded 
without  assuming  some  appreciable  risk.  While  the  atmospheric 
conditions  which  are  favorable  to  their  formation  are  more  frequent  in 
some  regions  than  others,  it  is  impossible  to  feel  assured  of  entire  im- 
munity from  their  occurrence  in  any  city.  Tornadoes  usually  occur  as 
local  manifestations  accompanying  severe  storms  of  great  extent.  On 
the  date  of  the  Louisville  tornado  there  were  ten  others  in  the  four 
adjacent  States.  On  April  11th  and  12th,  1893,  there  were  nineteen 
tornadoes  in  ten  States  attending  severe  storms,  reaching  from  Missis- 
sippi to  Michigan.  The  St.  Louis  tornado  was  but  one  of  a  number 
accompanying  a  general  storm  that  moved  through  Missouri  and  Illi- 
nois. As  far  as  known  it  was  not  more  violent  than  many  others  that 
have  been  observed.     Its  great  destructiveness  was  merelv  incidental 
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to  the  fact  that  its  path  crossed  a  territory  embracing  a  large  and 
closely  built  city.  It  gave  evidence  that  wind  pressures  existed  at 
least  equivalent  to  or  greater  than  20  lbs. ,  60  lbs. ,  and  85  to  90  lbs.  per 
square  foot  over  considerable  areas.  Whatever  the  actual  distribution 
may  have  been,  the  effects  were  those  of  such  pressures  uniformly  dis- 
tributed over  the  areas  of  the  respective  structures.  These  pressures 
were  measured  by  their  results  in  exactly  the  same  manner  in  which 
they  are  ordinarily  assumed  to  act,  with  the  consequent  elimination  of 
all  uncertainties  usually  involved  in  readings  of  pressure  gauges  or 
deductions  from  anemometer  records,  and  they  are  to  that  extent 
positive  and  definite.  In  addition,  there  were  indications  that  a  press- 
ure of  somewhere  from  20  to  40  lbs.  was  quite  general  over  a  compar- 
atively wide  area  in,  or  adjacent  to,  the  path  of  the  storm,  and  that 
the  pressures  at  higher  altitudes  were  moi*e  severe  than  those 
measured. 

In  view  of  these  facts  it  appears  to  the  author  rational  to  assume: 

First. — That  the  safety  and  interests  of  the  community  and  of  the 
owner  of  the  building  require  a  recognition  of  a  wind  pressure  of  at 
least  30  lbs.  i^er  square  foot  against  the  exposed  surface  of  the  build- 
ing, with  an  additional  local  provision  of  50  lbs.  for  several  stories 
near  the  top ;  and  that  this  amount  should  be  safely  taken  care  of  by 
some  positive  and  definite  provision  in  the  construction  of  the  frame. 

Second. — That  the  vast  interests  at  stake,  the  amount  of  capital  in- 
vested and  the  comparatively  small  additional  expense  necessary  would 
suggest  to  the  owner  the  desirability  of  increasing  the  jjrovision  to 
40  lbs.  per  square  foot. 

Tfiird. — That  the  other  uncertain  elements  of  safety  due  to  the 
ultimate  strength  of  the  material,  the  inertia  of  the  mass,  and  the 
bracing  effect  of  walls  and  partitions,  should  be  recognized  only  as  pro- 
viding against  the  uncertain  and  possible  higher  pressure  of  the  wind 
which  may  occur. 

The  chief  justification  of  much  that  seems  bold  or  questionable 
in  the  construction  of  some  high  buildings  lies  in  the  fact  that,  as 
yet,  none  have  failed.  If  the  safety  of  such  great  structures  is  to  be 
determined  entirely  by  the  logic  of  the  fitness  of  the  survivor,  based 
on  a  brief  and  favorable  experience,  rather  than  by  a  rigid  analysis,  by 
tried  and  accepted  principles  of  engineering  design,  it  may  ultimately 
lead  to  some  very  deplorable  results. 
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By  such  a  test  the  little  summer  pavilion  in  Lafayette  Park  must 
take  precedence  over  the  approach  to  the  Eads  Bridge,  for  it  survived 
the  tornado  and  is  standing  yet. 

The  author  is  indebted  to  Mr.  Willis  L.  Moore,  Chief  of  Weather 
Bureau,  and  to  Mr.  H.  O.  Frankenfield,  Local  Forecast  Official,  for  their 
continued  courtesy  in  furnishing  the  use  of  records  and  information 
of  that  department;  to  Mr.  A.  H.  Fredericks,  President  of  Board  of 
Assessors  of  St.  Louis,  for  the  data  relative  to  general  storm  damages, 
and  to  many  others,  too  numerous  to  mention,  for  their  kind  as- 
sistance in  securing  much  of  the  detail  information  that  appears  in 
the  paper. 
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THE   TORNADO  OF  MAY  27th,  1896,  AT  ST.  LOUIS,  MO. 


Abstracted  from  Report  op  H.    C.    Frankenfield,  Local  Forecast 
Official,  in  Monthly   Weather  Eevieic* 

The  tornado  which  passed  through  St.  Louis  late  in  the  afternoon 
of  May  27th  was  the  culmination  of  a  protracted  period  of  abnormally 
high  temperatures,  intensified  during  the  latter  portion  of  the  time  by 
ituusually  high  humidity.  From  April  9th  to  May  27th,  both  inclu- 
sive, a  period  of  forty -nine  consecutive  days,  the  mean  temjjerature  at 
St.  Louis  varied  from  2°  to  21°  above  the  normal. 

At  8  o'clock.  May  27th,  the  weather  map  showed  the  pressure  to  be 
low  throughout  the  West.  The  position  of  the  state  of  Missouri  in 
the  southeast  quadrant  of  the  storm  area,  combined  with  the  isother- 
mal conditions,  the  high  humidity,  and  the  high  temperatures,  indi- 
cated the  occurrence  of  severe  local  storms  within  a  short  time.  At  St. 
Louis  at  8  o'clock,  the  pressui'e  Avas  29.92  ins.,  the  temperature  70°, 
and  the  relative  humidity  94  per  cent.  By  14  o'clock  the  barometer  had 
commenced  to  fall  rapidly,  and  the  winds  had  changed  to  southeast, 
with  slowly  increasing  velocity.  The  fall  in  pressure  was  intermittent, 
biit  at  the  same  time  persistent,  and  by  18  o'clock  the  reading  was  29.59 
ins.,  a  fall  of  0.28  in.  since  noon,  and  a  fall  of  0.09  in.  during  the  twenty 
miniites  immediately  preceding.  The  winds  continued  from  the  south- 
east with  gradually  increasing  velocity  until  17.4.5  o'clock,  when  they 
changed  to  east-northeast,  with  a  sudden  increase  in  velocity,  reaching 
45  miles  per  hour  from  17.55  to  18  o'clock. 

*  Records  are  given  in  standard  time,  which  is  1  hour  1  minute  faster  than  local  time. 
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At  15.45  o'clock  the  temperatui'e  commenced  to  fall,  and  by  18  o'clock 
liad  fallen  9°  to  77°.  The  clouds  slowly  increased  in  density,  and  at 
15.55  o'clock  the  sun  was  obscured.  The  character  of  the  clouds 
changed  about  this  time  to  cumulus,  but  of  a  very  peculiar  formation. 
The  whole  sky  was  compactly  covered  with  small  cumuli  of  almost  per- 
fect hemispherical  shape,  but  with  the  rounded  portions  underneath. 
Their  color  was  a  dark  gray,  with  deep  shadows  on  the  sides  farthest 
from  the  sun.  By  16.30  o'clock  these  clouds  had  settled  into  a  uniform 
covering  of  stratus,  which  commenced  to  assume  a  light  green  color  in 
the  extreme  northwest,  spreading  more  toward  the  west  and  noi'th. 
Thunder  and  lightning  commenced  at  17.06  o'clock,  and  rain  in  the  form 
of  large,  scattered  drops,  at  17.43  o'clock.  At  18.04  o'clock  there  was  a 
marked  increase  in  the  violence  of  the  storm,  although  from  18  to  18. 10 
o'clock  the  winds  changed  again  to  southeast,  with  decreased  velocity 
of  from  33  to  36  miles  per  hour.  During  this  period  the  barometer 
rose  0.08  in.,  to  29.67,  and  fell  almost  instantly  0.10  in.,  to  29.57.  It 
again  rose  0.10  in.  in  less  than  five  minutes  to  29.67.  During  the 
next  fifteen  minutes  (to  18.30  o'clock),  it  fell  0.31  in.,  to  29.36,  and 
then  instantly  rose  0.40  in.,  to  29.76.  It  then  continued  in  a  series 
of  sharp  oscillations  of  from  0.05  to  0.10  in.,  until  22  o'clock,  when 
the  oscillations  became  smaller,  ceasing  finally  at  midnight,  when  a 
steady  rise  commenced.* 

The  winds  at  18. 10  o'clock  once  more  changed  suddenly,  this  time 
180°  to  the  northwest,  and  with  greatly  increased  velocity,  reaching 
80  miles  per  hour  from  18.15  to  18.20  o'clock,  with  an  extreme  velocity 
of  120  miles  per  hour  at  18.18  o'clock.  At  18.20  o'clock  the  direction 
once  more  changed,  this  time  to  the  northeast,  with  a  decided  decrease 
in  velocity,  falling  to  7  miles  jDer  hour  at  18.55  o'clock. 

The  storm  entered  St.  Louis  from  the  west.  The  time,  as  nearly  as 
can  be  estimated,  was  18.10  o'clock. 

The  path  through  the  city  was  almost  exactly  in  a  due  easterly 
direction,  reaching  the  Mississippi  River,  about  6  miles  distant,  at  18. 20 
o'clock,  showing  a  progressive  velocity  of  about  36  miles  per  hour. 

♦Note  added  by  Mr.  Frankenfield,  .June  23d,  1896:  "  I  have  just  learned  of  the  height  of 
the  barometer,  within  a  reasonable  degree  of  accuracy,  in  or  very  near  the  center  of  the 
track  of  the  tornado  at  the  time  it  moved  through  Lafayette  Park.  It  was  in  this  park  that 
the  storm  was  at  its  height.  An  aneroid  barometer,  with  a  metrical  scale,  was  brought  to 
me  to  be  reset,  and  I  was  informed  that  it  was  the  property  of  the  widow  of  the  late  Richard 
Klemm,  ex-Park  Commissioner  of  this  city.  The  family  live  on  Missouri  Avenue,  imme- 
diately fronting  the  park,  and  a  son  of  Mr.  Klemm  read  the  barometer  as  the  storm  struck 
their  place.  He  called  the  attention  of  his  mother  to  the  remarkably  low  reading,  680  mm., 
or  26.78  ins.  Allowing  for  difference  in  elevation  and  reduction  to  sea  level,  this  would 
indicate  a  reduced  reading  of  27.30  ins.,  or  2.05  ins.  lower  than  observed  at  this  office." 
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COERECTION  FOR  OBSERVED  WIND  VELOCITIES. 


The  velocity  of  the  wind  is  very  generally  measured  by  some  form 
of  the  Robinson  cup  anemometer.  From  early  experiments  it  was 
found  that  the  distance  passed  over  by  the  center  of  one  of  the  revolv- 
ing cups  would,  if  multiplied  by  three,  give  about  the  velocity  of  the 
wind,  and  the  wheels  and  recording  dials  of  the  instrument  were 
geared  to  read  wind  velocities  directly  by  taking  into  account  this 
factor  of  reduction.  Later  experiments  have  shown  that  with  anemom- 
eters of  the  size  commonly  used  this  ratio  is  erroneous,  and  the 
indicated  velocities  are  about  20%  too  great,  but  no  change  has  been 
made  in  the  recording  device  and  the  "  wind  observations  published 
by  the  various  meteorological  institutions  at  the  present  time  have 
only  a  relative,  but  not  absolute,  vahie.  It  is  very  jirobable  that  many 
experiments  on  the  relations  of  wind  velocities  to  wind  pressures  have 
been  made  in  which  this  anemometer  correction  has  not  been  properly 
applied." 

Professor  Marvin  has  determined  the  correction  to  be  applied  to  the 
readings  of  the  standard  form  of  anemometer  used  by  the  Weather 
Bureau.  It  is  expressed  by  a  logarithmic  formula  by  which  the 
following  table  taken  from  his  report  on  Wind  Pressiires  is  computed : 

COEEECTED   WiND   VELOCITIES   AS   INDICATED   BY  RoBINSON   AuEMOMETEE. 

[Miles  per  hour.] 


Indicated  velocity. 

0 

1 

3 

3 

4: 

5 

6 

7 

8 

9 

0 

5.1 
13.8 
21.8 
29.6 
37.1 

44.4 
51.6 

58.7 
65.8 

6.0 
14.6 
22.6 
30.3 
37.8 

45.1 
62.3 
59.4 
66.4 

6.9 
15.4 
23.4 
31.1 
38.5 

45.9 
53.0 
60.1 
67.1 

7.8 
16.2 
24.2 
31.8 
39.3 

46.6 

53.8 
60  8 
67.8 

8.7 

1 

9.6 
17.8 
25  7 
33.3 

40.8 
48.0 
55.2 
62.2 
69.2 

10.4 
18.6 
26.5 
34.1 

41.5 

48.7 
55  9 
62.9 

il.3 

19.4 
27  3 
34.8 

42.2 
49.4 
5l!.6 
63.6 

12.1 
20.2 
28.0 
35.6 

43.0 
50.2 
57.3 
64.3 

12  9 
21.0 
28.8 
36.3 

43.7 
50.9 
58.0 
65. U 

17.0 

2 

24.9 

3 

4 

32.6 
40.0 

5 

47.3 

6 

54.5 

7   

61.5 

8 

68.5 

9             

' 

' 

All  observers  in  the  United  States  using  anemometers  similar  in 
construction  to  those  of  the  Signal  Service  will  find  the  values  in  the 
above  table  much  more  accurate  than  those  commonly  used. 
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..A.IE'I^En^TIDIS^    O. 


TORNADO  STATISTICS. 


The  characteristics  of  tornadoes,  the  general  meteorological  condi- 
tions favorable  to  their  formation,  and  statistics  relative  to  their  fre- 
quency, place  of  occnri'ence  and  essential  details,  have  been  made  the 
subject  of  careful  study  and  record  by  the  Weather  Bureau. 

The  reijorts  of  Lieutenant  J.  P.  Fiuley,  puldished  as  Professional 
Papers  of  the  Signal  Service  No.  VII  and  No.  XYI,  give  the  results  of 
his  researches  relative  to  tornadoes  prior  to  1881,  and  a  special  study 
made  of  those  occurring  in  the  year  1884.  The  data  for  tornadoes, 
1889-1896,  have  been  recently  compiled  under  direction  of  Mr.  Willis  L. 
Moore,  Chief  of  the  Weather  Bureau,  and  are  published  in  the  annual 
data  volume  of  the  Bureau  for  1896.  These  reports  treat  the  subject 
in  great  detail,  and  the  following  facts  have  been  abstracted  from 
them : 

The  earlier  records,  which  are  necessarily  incomplete,  show  that 
there  were  at  least  580  tornadoes  prior  to  1881,  and  that  of  this  number 
505  occurred  in  the  period  of  eight  years,  from  1874  to  1881,  and  135 
were  unusually  destructive.  In  the  year  1884  there  were  180  tornadoes. 
In  the  period  of  eight  years,  1889-1896,  there  were  368  tornadoes  occur- 
ring on  207  days;  of  these  storms  24  were  very  destructive.  "More 
than  90^^  of  the  property  loss  of  the  eight  years  fell  on  these  24  days. 
The  remaining  10%'  Avas  distributed  throughout  183  days  in  which  tor- 
nadoes of  greater  or  less  violence  occurred.  The  great  tornadoes  of 
the  past  eight  years  have  averaged  about  three  per  annum.  Lists  of 
very  destructive  storms  for  the  18  years  previous  to  1889  show  an  aver- 
age of  three  jjer  annum." 

The  number  and  the  violence  of  tornadoes  bear  no  definite  relation 
to  their  destructive  effects,  as  the  latter  are  largely  incidental  to  the 
place  of  occurrence.  Of  the  i$24  000  000  i^roperty  loss  by  tornadoes 
during  the  jjast  8  years,  f  12  000  000  is  chargeable  to  less  than  a 
half  hour's  destruction  in  St.  Louis,  Mo.,  and  East  St.  Louis,  111.,  on 
May  27th,  1896,  and  over  ^2  000  000  to  the  destruction  in  Louisville, 
Ky.,  on  March  27th,  1890. 
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DISCUSS  ION. 


Mr.  Knap.  JosEPH  M.  Knap,  M.  Am.  Soc.  C.  E. — While  it  may  be  true  that 
lightning  never  strikes  twice  in  the  same  place,  the  same  cannot  be 
said  of  tornadoes,  for  in  1871,  when  the  speaker  was  in  St.  Louis,  a 
tornado  passed  over  nearly  the  same  course  as  that  described  in  the 
paper.  A  locomotive  weighing  40  to  50  tons  was  overturned,  and  it 
was  roughly  estimated  that  no  known  pressure  of  the  wind  could  have 
done  this;  apj^arently  the  only  explanation  of  the  occurrence  was  the 
formation  of  a  partial  vacuum.  A  heavy  sleeping  car  was  also  carried 
some  75  ft.  and  overturned.  Fortiinately,  the  section  of  the  city  most 
affected  by  the  recent  tornado  was  not  built  up  at  the  time  first  men- 
tioned, and  the  bridge  over  the  Mississippi,  although  planned,  had 
not  been  constructed. 
Mr.  Morison.  Geokge  S.  Moeison,  Past-President  Am.  Soc.  C.  E. — Mr.  Knap 
has  done  well  in  mentioning  the  earlier  tornado,  an  account  of  which 
is  given  in  Professor  Woodward's  history  of  the  St.  Louis  Bridge. 
This  earlier  tornado  possibly  saved  the  bridge  from  being  destroyed 
by  the  tornado  of  1896,  a  very  heavy  wind  truss  having  been  added  to 
the  original  design,  as  the  result  of  the  observations  made  on  the 
effects  of  the  earlier  tornado. 

The  speaker  was  in  Kansas  City  on  his  way  to  St.  Louis  when  the 
tornado  of  1896  took  place.  It  was  a  very  hot  day,  and  suddenly  late 
in  the  afternoon  the  temperature  fell  very  rapidly;  the  general  con- 
ditions indicated  a  violent  storm,  biit  no  trouble  occurred  in  that 
neighborhood.  This  is  mentioned  simply  to  show  that  the  distitrbing 
meteorological  conditions  were  felt  over  a  considerable  distance.  The 
speaker  left  Kansas  City  at  20.45,  and  when  50  miles  out  heard  of  the 
trouble  at  St.  Louis.  He  reached  St.  Louis  about  24  hours  after  the 
tornado;  on  the  following  day  he  walked  through  the  devastated  dis- 
trict. He  was  impressed  with  the  fact  that  there  was  a  great  deal  of 
destruction,  and  that  there  was  a  great  deal  to  learn,  but  he  felt  that 
he  could  understand  comparatively  little.  The  larger  part  of  the 
buildings  destroyed  were  of  flimsy  construction;  if  the  brick  walls  had 
been  4  ins.  thicker,  had  been  laid  up  with  cement  instead  of  lime 
mortar,  and  the  millinery  of  mansard  roofs,  and  such  other  decora- 
tions, had  been  left  out,  the  destruction  woiild  probably  not  have  been 
one-tenth  of  what  it  actually  was.  In  one  building,  Avhich  was  pretty 
thoroughly  destroyed,  the  partition  walls,  aboiit  20  ft.  apart,  were 
only  4  ins.  thick;  such  a  destruction  jsroves  nothing;  it  was  unfor- 
tunate for  the  people  who  lived  in  this  building,  but  it  was  the  duty 
of  these  walls  to  give  away  under  very  moderate  strains.  However, 
buildings  were  destroyed  which  were  fairly  well  built,  and  there  were 
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evidences  of  a  Avind  pressure  which   luight  have  been  disastrous  even  Mr.  Moiison. 
to  the  best  built  work. 

The  Burlington  Freight  Station  was  built  by  the  speaker.  The 
roof  was  of  light  iron  construction,  with  a  wooden  covering  of  rafters 
and  boards.  The  light  steel  trusses  were  riveted  to  a  series  of  heavy 
columns  which  were  proportioned  to  resist  wind  pressure  in  both 
directions,  and  were  anchored  to  masonry  foundations  which  were 
carried  down  to  rock,  less  care  being  taken  with  the  foundations  of 
the  other  parts  of  the  building.  Every  part  of  the  iron  work  which 
was  dependent  on  these  columns  stood  perfectly  and  was  not  injured; 
the  trusses,  which  were  very  light  but  adapted  to  withstand  equally 
upward  or  downward  forces,  were  unhvirt.  Observations  at  that  time 
seemed  to  show  conclusively  that  a  roof  should  be  designed  to  resist 
an  upward  jiressure  almost  or  quite  eqiaal  to  the  downward  pressure 
which  it  is  customary  to  provieie  for.  The  new  St.  Louis  Union  Depot 
was  entirely  uninjured,  though  the  top  of  an  elevator  near  by  was 
taken  off.  The  tornado  in  fact  did  not  strike  the  depot;  the  roof  of 
the  car  shed  of  that  dejjot  is  designed  to  carry  weight,  but  not  fitted 
to  resist  an  ujiward  pressure;  if  the  tornado  had  struck  it,  it  would 
probably  have  been  destroyed. 

The  speaker  saw  nothing  which  seemed  a  proof  that  a  vacuum 
existed  in  the  center  of  the  tornado.  There  were  a  number  of  houses 
in  which  the  pressed  brick  fronts  Avere  taken  off,  but  the  vacuum 
caused  by  wind  passing  around  sharp  corners  might  have  been  enough 
to  provide  for  this. 
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CORRESPONDENCE. 


I.  Johnson.  J  ji  Johnson,  M.  Am.  See.  C.  E. — As  the  writer's  home  was  in  the 
path  of  the  storm  and  was  partially  destroyed,  he  had  abundant 
opportunity  to  study  its  effect  and  has  tried  to  reason  as  to  the  operat- 
ing causes.  In  general  he  can  only  say  that  he  thinks  the  aiithor  has 
come  as  near  to  a  rational  exijlanation  of  these  causes,  and  the  method 
of  their  manifestation,  as  it  is  possible  to  reach  with  the  present  knowl- 
edge of  the  subject.  By  common  consent  among  the  St.  Louis  engi- 
neers, the  author  was  urged  to  write  an  account  of  the  great  tornado 
for  the  Society,  as  being  one  in  whom  they  would  have  imi:)licit  con- 
fidence, both  as  to  his  facts  and  as  to  his  deductions  from  them.  The 
writer,  therefore,  commends  this  paper  as  including  about  all  that  can 
now  be  said  with  profit  to  engineers  and  architects,  on  the  St.  Louis 
tornado,  and  the  lessons  to  be  learned  from  it  in  the  matter  of  struc- 
tural designing.  The  jsartial  vacuum  produced  by  high  winds  over 
roofs  and  on  the  leeward  side  of  buildings,  together  with  the  jjressure 
inside  of  buildings  produced  by  the  universal  breaking  in  of  windows 
on  the  windward  sides,  woiald  seem  sufficient  to  explain  nearly  all  the 
lifting  of  roofs  and  the  outward  falling  of  walls  in  the  St.  Louis  tor- 
nado. The  explosion  theory,  so  commonly  spoken  of,  does  not  seem 
necessary  to  explain  the  phenomena,  and  as  this  requires  an  extremely 
sudden  reduction  of  j^ressure  to  become  effective,  the  writer  is  inclined 
to  discredit  it  as  a  generally  operating  cause. 

Some  important  rules  of  practice,  therefore,  in  the  design  of  build- 
ings would  seem  to  be  : 

First. — Roofs  and  roof  trusses  should  be  designed  to  resist  an  up- 
ward (internal)  force  of  about  10  lbs.  per  square  foot  over  and  above 
the  weight  of  the  roof  itself,  and  they  should  be  anchored  to  the  walls 
strongly  enough  to  resist  this  lifting  tendency. 

Second. — Side  walls  should  be  well  tied  to  the  floor  and  partition 
systems,  so  as  to  resist  those  internal  wind  pressiires  resulting  from 
the  breaking  of  windows  on  the  windward  sides  of  buildings. 

If  these  two  rules  had  been  followed  in  the  construction  of  the 
8  000  buildings  which  were  partially  wrecked  in  St.  Louis  on  May 
27th,  1896,  the  writer  believes  a  large  proportion  of  them  would  have 
escaped  with  little  more  loss  than  that  resulting  from  broken  win- 
dows and  fallen  chimneys. 
Mr.  Eayr.«.  N.  W.  Eayrs,  M.  Am.  Soc.  C.  E. — The  tornado  which  forms  the 
subject  of  the  paper  followed  almost  the  same  path  as  that  of  March 
8th,  1871,  which  occurred  during  the  construction  of  the  bridge.  The 
earlier  tornado  was  much  more  severe  than  the  recent  one,  as  several 
empty  freight  cars  were  blown  through  the  air  for  several  hundred 
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yards,  aucl  a  loeomotivo  of  the  Wabash  Railroad  was  lifted  bodily  Mr.  Eay^^ 
from  the  track  and  thrown  upon  its  back  in  the  ditch  several  feet  dis- 
tant from  the  rails.  It  was  in  consequence  of  the  destruction  wrought 
by  this  tornado  that  Captain  Eads  modified  the  wind  bracing  on  the 
Eads  Bridge,  substituting  for  the  wooden  structure  originally  designed 
a  horizontal  steel  truss  54  ft.  wide.  The  wisdom  of  this  change  was 
shown  by  the  recent  storm,  as  the  bridge  was  not  damaged  seriously, 
although  there  were  evidences  that  it  was  under  very  severe  strain. 

In  examining  the  buildings  damaged  by  the  tornado  of  last  year,  the 
Avriter  was  particularly  impressed  by  the  poor  character  of  material 
and  workmanship  revealed.  Even  the  masonry  of  the  east  arcade  of 
the  St.  Louis  Bridge,  which  had  the  appearance  of  gi'eat  solidity, 
proved  not  to  be  what  would  now  be  considered  first-class  work.  The 
principal  defect  in  this  work  appeared  in  the  joints,  which  were  made 
of  mortar  in  which,  apparently,  lime  predominated;  in  some  joints, 
moreover,  trowel  marks  were  visible,  indicating  that  the  mortar  had 
partially  set  before  the  stone  was  placed  on  its  bed. 

In  almost  every  brick  building  examined  by  the  writer,  the  mortar 
was  found  to  be  of  inferior  quality  and  the  joints  only  partially  filled. 
In  many  instances  the  pressed  brick  fronts  of  the  more  modern  and 
expensive  houses  were  stripped  from  the  backing,  peeling  off  like  a 
sheet  of  veneer,  with  no  bond  whatever  between  the  face  and  the 
backing. 

As  an  illustration  of  what  well-built  brick  masonry  can  stand,  even 
when  situated  in  the  vortex  of  the  tornado,  the  two  towers  which  flank 
the  east  end  of  the  east  arcade  may  be  cited.  One  forms  the  north- 
east corner,  and  the  other  the  southeast  corner,  of  the  arcade.  '  The 
former  lost  only  the  roof,  one  floor  and  the  windows,  the  walls  being- 
uninjured;  the  latter,  which  is  shown  in  Plate  III,  Fig.  2,  was  in- 
jured by  the  fall  of  a  heavy  iron  smokestack,  which  split  the  walls  of 
the  two  upper  stories.  The  towers  are  20  x  30  ft.  and  80  ft.  high;  the 
walls  are  36  ins.  thick  at  the  base  diminishing  to  18  ins.  in  the  two  upper 
stories,  and  are  built  of  hard  burned  brick  laid  in  Louisville  cement, 
with  every  joint  flushed. 

In  computing  the  wind  pressure  required  to  overcome  the  stability 
of  the  walls  of  the  east  arcade,  the  author  has  proceeded  on  two  as- 
sumptions, neither  of  which,  in  the  writer's  opinion,  fully  satisfies  the 
conditions.  The  deck  was  vindoubtedly  lifted  first,  and  thus  prodiiced 
a  thrust  upon  the  south  wall,  throwing  it  over.  This  wall  carried  with 
it  the  cross-girders,  which,  being  fastened  to  the  coping  of  the  north 
wall,  dragged  it  over.  It  will  be  noticed,  by  referring  to  the  dimensions 
given  in  the  jjaper,  that  the  overhang  of  the  coining  of  the  south  wall 
threw  the  center  of  gravity  near  the  outer  face,  a  position  of  least  sta- 
bility; and  under  this  condition  a  wall  13  ft.  high,  and  but  2^  ft.  thick, 
with  poor  cement  in  the  joints,  would  be  overthrown  by  a  comparatively 
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Mr.  Eayis;.  slight  thrust  at  the  to]).  That  there  was  a  very  strong  upward  com- 
ponent of  the  wind  at  this  point,  is  shown  by  the  manner  in  which  the 
deck  on  the  spans  was  stripped,  and  by  the  cracks  which  appeared  in  the 
thick  paint  skin  at  the  junction  of  the  main  tubes  with  the  couplings. 
The  longitudinal  girder,  referred  to  on  page  230.  was  evidently  lifted 
bodily  at  least  3^  ft.  vertically,  and  this  disturbance  of  the  deck  might 
of  itself  throw  down  the  south  wall.  It  seems  to  the  writer,  therefore, 
that  it  is  somewhat  hasty  to  assume  that  there  must  have  been  a  wind 
pressure  of  at  least  60  lbs.  per  square  foot  against  the  wall. 

The  bridge  was  evidently  in  the  vortex  of  the  tornado,  for  the  gyra- 
tory motion  of  the  air  was  shown  by  the  position  of  the  debris.  While 
the  wreckage  was  mostly  carried  to  the  southeast,  some  of  it  was  car- 
ried northeast.  The  smokestack  standing  on  the  north  side  of  the 
east  arcade  was  blown  northeast,  and  two  panels  of  fence,  12  ft.  long, 
from  the  center  of  the  bridge,  with  7  x  16-in.  stringers  attached,  were 
carried  about  800  ft.  northeast  of  their  original  position. 

One  feature  of  the  general  destruction  particularly  noticeable  was 
that  walls  generally  fell  outward,  a  phenomenon  which  has  been  noted 
in  previous  tornadoes,  and  to  exj^lain  which  various  theories  have  been 
advanced.  In  all  explanations  which  have  come  to  the  writer's  notice, 
one  important  fact  has  been  generally  overlooked.  By  far  the  greatest 
damage  is  done  to  dwellings,  and  to  those  of  an  inferior  type  ;  this  is 
shown  conclusively  by  Table  No.  1  of  the  paper.  In  this  class  of 
structures,  the  floor  beams  of  the  different  stories  and  the  ends  of  the 
rafters  are  not  fastened  at  all  to  the  walls,  and  it  consequently  takes 
less  pressure  from  within  to  force  the  wall  outward  than  would  be  re- 
quired to  force  the  same  wall  inward  ;  the  floor  beams  act  as  struts  to 
prevent  the  wall  from  falling  inward.  It  is  only  natural,  therefore, 
that  the  walls  should  fall  outward. 

Undoubtedly  the  walls  are  forced  outward  by  a  difi"erence  of  press- 
ure between  the  air  within  the  building  and  outside,  but,  in  the 
writer's  opinion,  this  difiterence  of  i^ressure  is  caused  not  by  the  ex- 
istence of  a  partial  vacuum  outside  the  building  nor  by  suction,  but 
by  the  air  which  is  forced  into  the  building  by  the  violent  wind.  To 
explain  the  phenomenon  noted  by  the  existence  of  a  partial  vacuum 
outside,  it  would  be  necessary  to  suppose  the  difference  in  jiressure  to 
take  place  instantaneously.  The  instance  cited  of  the  low  aneroid 
reading  at  Lafayette  Park,  which  was  in  the  center  of  the  track  of  the 
storm,  and  therefore  in  a  position  where  the  vacuum  would  have  the 
greatest  effect,  militates  against  the  vacuum  theory,  since  the  destruc- 
tion of  the  house  did  not  occur  until  some  minutes  after  the  low  read- 
ing was  noticed.  As  the  progressive  motion  of  the  storm  was  about 
36  miles  per  hour,  as  noted  by  Mr.  Frankenfield,  there  would  be  suf- 
ficient time  for  the  pressure  within  and  without  any  biiilding  to  be 
equalized. 
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It  would  seem  more  reasonable  to  sujipose  that  the  violent  inrush  Mr.  Eayrs. 
of  air  towards  the  center  of  the  tornado  condenses  the  air  in  the  jjor- 
tion  of  the  house  most  exposed  to  the  wind,  and  thus  forces  the  walls 
out.  In  this  tornado  the  duration  of  the  extremely  violent  gusts  was 
sufficient  to  condense  the  air  to  quite  an  appreciable  degree.  The 
stripping  of  patches  of  slate  or  tile  from  roofs,  as  well  as  the  peeling 
of  brick  or  stone  facing  from  the  walls  of  the  houses,  may  be  readily 
explained  in  this  manner,  the  air  being*  driven  under  the  slate  or  into 
the  interstices  of  pai-tially  tilled  joints  in  brickwoi'k,  with  sufficient 
force  to  tear  the  covering  loose. 

It  does  not  seem  to  the  writer  necessary,  as  far  as  his  observation 
of  the  effects  of  the  tornado  under  discussion  warrants,  to  assume  the 
existence  of  a  suction  to  account  for  the  phenomena.  Whatever  lab- 
oratory experiments  may  show,  the  action  of  suction,  if  it  exists,  is 
due  solely  to  a  diflfei-ence  in  pressiire  between  the  windward  and  lee- 
ward sides  of  the  object.  There  were  many  instances  of  walls  being 
undoiibtedly  blown  out  on  the  leeward  side  by  the  wind  entering 
the  building  from  the  windward  side,  and  as  this  simple  explanation 
holds  good  in  so  many  cases,  it  would  seem  reasonable  that  it  should 
hold  good  in  all. 

The  most  instructive  jsart  of  the  jjaper  is  the  discussion  of  the  prob- 
able effect  of  tornadoes  on  high  buildings.  The  accuracy  of  the 
author's  reasoning  and  computations  can  only  be  tested  by  another 
tornado,  an  experiment  which  those  who  have  been  through  such  an 
experience  are  not  anxious  to  see  made.  The  distinction  made  by  the 
author  between  the  skeleton  and  the  cage  types  of  such  structures  is 
a  good  one.  In  view  of  the  strength  of  riveted  connections  and  their 
superiority  over  bolted  connections,  the  common  type  hitherto,  as 
shown  in  the  wreck  of  the  factory  building  illustrated  in  Plates  VI, 
and  VII,  it  would  seem  scarcely  credible  that  a  well-designed  cage 
structure,  with  jsroper  wind  bracing  and  all  connections  riveted,  could 
utterly  collapse.  The  yielding  of  the  steel  members  and  connections 
would  probably  be  so  gradual  and  so  localized  that  the  occupants  of 
the  building  would  have  opportunity  to  escape. 

A.  A.  Stuart,  M.  Am.  Soc.  C.  E. — The  subject  of  the  paper  is  one  Mr.  Stuart, 
of  very  great  interest  to  the  general  public  and  to  the  profession,  but 
to  the  engineer  it  j^ossesses  a  specific  scientific  value,  inasmuch  as  it 
establishes  a  new  maximum  for  the  intensity  of  wind  pressure.  For- 
tunately for  mankind,  the  opportunity  for  witnessing  such  full-size 
tests  to  destruction  seldom  occurs,  and  even  more  rarely  offers  any 
means  of  so  accurately  gauging  the  actual  energy  of  the  moving  mass 
of  air.  The  writer  is  quite  familiar  with  most  of  the  structures  de- 
scribed in  the  paper,  and  nothing  short  of  their  actual  destruction 
by  force  of  the  wind  would  have  induced  him  to  believe  they  could 
be  so  destroyed.     This  fact  makes  him  realize  more  fully  the  great 
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Mr.  Stuart,  pressure  of  the  wind  than  would  the  mere  statement  of  its  intensity 
in  ijounds  per  squart;  foot. 

The  writer  was  in  Louisville,  Ky.,  within  a  few  days  after  the 
tornado  Avhich  jjassed  over  that  city  on  March  27th,  1890,  and  in- 
sjjected  many  of  the  structures  which  were  then  destroyed,  but  failed 
to  observe  anything  which  would  give  more  than  a  general  conception 
of  the  force  of  the  v/ind. 

The  deductions  made  by  the  author  as  to  the  relative  value  of 
bolts  and  rivets,  as  used  in  fastening  together  various  members 
in  metallic  structures,  will  be  of  much  value  to  designers  of  such 
structiires  in  correcting  the  theories  of  some  and  confirming  those  of 
others,  but  it  is  believed  that  the  greatest  good  to  the  public  growing 
out  of  the  study  of  the  paper  will  be  realized  in  so  changing  many  of 
the  designs  for  tall  buildings,  now  so  common,  as  to  adapt  them  to 
resist  lateral  forces  better.  Much  has  been  said  and  written  on  this 
subject  by  those  who  have  observed  the  entire  absence  of  any  provision 
for  other  than  vertical  forces,  but  apparently  -with,  few  beneficial  re- 


Mr.  Baird. 


Fig.  20. 

suits  thus  far.  It  is  to  be  hoped,  therefore,  that  the  facts  of  the  St.  Louis 
tornado  recorded  by  the  author  will  induce  a  radical  change  in  this 
resi^ect,  as  the  collapse  of  a  tall  office  building  in  a  large  city  would 
be  a  calamity  now  invited  by  many  of  the  existing  structures,  but  too 
horrible  in  the  possible  destruction  of  human  life  to  contemplate  with- 
out an  effort  to  avoid  its  probability.  A  large  percentage  of  the  tall 
buildings  now  being  constructed  in  the  large  cities  derive  their  lateral 
stability  almost  wholly  from  the  inertia  of  the  mass  of  materials  used  in 
their  construction,  and  the  apt  illustration  of  the  pendulum  given  by 
the  author  very  forcibly  emphasizes  how  small  this  resistance  is  in  fact. 

HowABD  C.  Baikd,  Jun.  Am.  Soc.  C.  E.  — It  became  the  writer's  task 
some  few  years  ago  to  examine  an  ii'on  structure  Avrecked  by  the  wind, 
and  to  find  out  what  members  could  be  used  in  rebuilding.  A  number 
of  points  was  noted  bearing  directly  on  some  of  the  conchisions  men- 
tioned in  Section  II  of  the  paper. 

This  structure  was  the  trainshed  of  a  passenger  station,  and  was 
destroyed  by  the  Loiiisville  tornado  of  1890.  It  was  of  iron,  all  riveted,. 
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and  was  about  340  ft.  long  and  154  ft.  wide,  supported  ou  three  Hues  Mi-.  Haii-a. 
of  posts,  with  no  side  or  eud  covering,  thus  allowing  the  air  to  hlow 
freely  undei'ueath.     A  small  portion  at  one  end  on  the  windward  side 
was  protected  by  the  head  house,  then  under  construction. 

The  promptness  with  which  the  railroad  company  removed  the 
wreck  made  it  impossible  to  observe  many  points  that  might  otherwise 
have  been  noticed,  but  such  facts  as  the  value  of  rivets  in  tension  and 
the  strength  of  riveted  joints  iinder  severe  shocks  were  clearly  shown. 

The  tornado  struck  the  south  side  of  the  shed,  which  fell  by  the 
posts  failing  in  flexure  directly  below  the  knee  braces  and  at  the  bases, 
in  some  cases  being  torn  vertically  from  the  bases,  showing  that  the 
wind  exerted  some  lifting  force.  The  roof  trusses  were  injiired  only 
when  they  fell  on  cars,  and  it  is  safe  to  say  that  had  the  shed  been 
empty  at  the  time,  little  or  no  harm  would  have  come  to  the  roof 
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Fig.  21. 


proper,  even  though  it  fell  a  matter  of  20  ft.,  such  was  the  strength  of 
the  riveted  joints.  Fig.  20  shows  a  cross-section  of  the  shed,  and  Fig. 
21  a  detail  of  one  of  the  post  feet;  Fig.  21  also  shows  how  the  con- 
necting angles  in  tension  ruptured  Avhile  the  |-in.  rivets  held,  and  the 
base  plate,  together  with  the  portions  of  these  angles  remained  fii*mly 
fixed  to  the  masonry,  such  was  the  holding  jjower  of  the  ordinary 
notched  bolts.  Although  all  bolts  did  not  hold  so  well,  the  great  ma- 
jority did,  but  few  jDulliug  out  or  breaking  in  the  thread. 

The  great  difficulty  in  getting  apart  even  the  most  severely  injured 
joints,  in  which  the  rivets  had  to  be  cut  out,  shows  clearly  the  truth  of 
the  author's  fifth  conclusion,  that  riveted  joints  "will  stand,  even 
under  jar  and  shock,  an  excessive  amount  of  abuse  and  distortion  before 
actually  separating  into  individual  pieces,"  and  that  it  applies  to  iron 
as  well  as  steel. 
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Mr.  Hazen.  Henry  Allen  Hazen,  Esq.— On  the  morning  of  May  27tli,  1896,  a 
general  storm,  with  a  dejiression  in  jaressure  at  its  center  to  29.62  ins., 
was  centi'al  in  north  central  Kansas.  This  storm  moved  very  rapidly 
in  an  east-northeast  direction,  reaching  northwest  Illinois  in  twelve 
hours,  or  with  a  velocity  of  about  40  miles  per  hour.  The  lowest 
l^ressure  at  the  evening  observation,  20  o'clock,  was  29.56  ins.,  at 
Davenport,  la.  There  were  a  great  many  thunder  storms  during  the 
afternoon  in  the  southeast  quadrant  of  this  general  storm,  but  at  only 
one  place,  St.  Louis,  did  these  assume  serious  violence.  At  this  point 
(including  East  St.  Louis)  occurred  the  most  severe  tornado  ever  noted 
in  this  country,  causing  a  loss  of  about  3.50  lives  and  Sl2  000  000  of 
property.  The  author  has  devoted  earnest  study  to  this  tornado,  and 
his  work  is  to  be  commended.  There  are  several  points,  however,  in  which 
he  seems  to  have  been  tied  down  to  pure  theories  advanced  forty  years 
ago,  which  have  been  somewhat  modified  by  more  recent  studies.  The 
actual  tornado  occurred,  as  nearly  as  can  be  determined,  at  20.22 
o'clock,  and  this  point  of  time  shoiild  be  cai'efully  noted.  It  has  been 
shown  that  on  all  days  when  there  is  any  tornado  action  the  destructive 
storms  have  a  motion  from  southwest  to  northeast,  the  first  track  be- 
ginning early  in  the  afternoon  and  each  successive  track  occurring 
later  and  farther  toward  the  south.  Thus  at  Higbee,  Mo. ,  the  first 
track  was  noted  at  15  o'clock,  and  the  direction  of  the  tornado  was 
toward  the  northeast.  Higbee  is  about  140  miles  west  northwest  fi'om 
St.  Louis.  At  Mexico,  Mo.,  102  miles  west-northwest  of  St.  Louis,  the 
track  was  toward  the  east,  and  the  destruction  occurred  at  16.20 
o'clock.  There  are  some  apparent  exceptions  to  this  rule,  al)undantly 
established  by  more  than  a  score  of  different  tornadoes,  but  in  all  these 
cases  there  has  been  confusion  with  the  accompanying  thunder  storm. 
It  would  seem  that  in  any  general  stiidy  of  the  problem  it  is  necessary 
to  take  into  account  these  peculiar  swaths  or  rows  of  destruction 
gradually  working  to  the  south  and  southeast  as  the  falling  tempera- 
ture of  the  evening  draws  on. 

In  neai'ly  all  descriptions  of  severe  tornadoes  which  have  occurred 
by  daylight  it  has  been  noted  that  the  inception  of  the  violence  was  in 
the  meeting  of  two  clouds,  one  approaching  from  the  northwest  and 
the  other  from  the  southwest.  This  is  a  characteristic  phenomenon  of 
nearly  all  tornadoes,  and  merits  most  thorough  study  and  analysis.  It 
is  evident  that  the  i^henomenon  is  a  continuous  one,  and  that  the 
apparent  meeting  of  the  clouds  at  any  one  ijoint  is  a  mere  incident  or 
optical  illusion,  for  the  same  clouds  ai^e  seen  all  along  the  track  for 
perhaps  100  miles. 

All  attemjits  at  determining  a  whirl  from  the  appearance  of  the 
funnel,  or  scattering  of  leaves,  dust  and  debris  in  the  funnel,  were 
abandoned  long  ago  for  the  reason  that  such  action  cannot  be  observed 
carefully  when  one  is  fleeing  for  safety.     It  is  necessary  to  look  to  the 
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distribution  of  debris  which  can  be  studied  at  leisure  after  the  tornado  Mr.  HaztMi, 

has  passed.     The  writer  has  seen  no  map  giving  even  an  approximate 

idea  of  the  distribution  of  debris  at  St.  Louis,  but  there  are  many  such 

maps  for  other  severe  tornadoes.     These  maps  show  a  uniform  distribix- 

tion  either  in  the  direction  of  the  track  or  inclined  toward  the  center 

in  nearly  all  cases.     One  of  the  best  of  such  maps*  was  j^ublished  by 

the  Iowa  State  Weather  Service  in  connection  with  the  Pomeroy,  Ia.> 

tornado  of  July  6th,  1893.     In  this  map  on  the  north  side  of  the  track 

is  shown  debris  pointing  to  the  southeast  or  at  right  angles  to  the 

general  track  of  the  tornado.    This  is  an  extremely  significant  fact,  and 

when  it  is  learned  that  the  debris  from  the  northeast  lies  under  that 

from  the  northwest  it  will  be  seen  that  the  trees  and  timber  must  have 

been  blown  down  by  an  earlier  current   from  the  northeast.     It  is  not 

very  difficult  to  see  that  the  cloud,  before  mentioned,  on  the  right  of  the 

track  looking  west,  causes  the  first  destruction,  and  afterward  there  is 

the  general  destruction  in  the  main  track.     The  writer  thinks  that  the 

evidence  of  straight-line  Avinds  and  lack  of  a  definite  whirl  500  or  600 

ft.  in  diameter  is  complete  in  all  cases  where  accurate  maps  of  the 

debris  have  been  published. 

There  is  a  remarkable  corroboration  of  this  fact  in  observations  or 
records  at  the  Weather  Bureau  station  in  St.  Louis.  Very  fortunately 
a  fully  equipped  station  was  only  about  1  mile  to  the  north  of  the 
track,  and  the  records  there  may  be  relied  on.  The  winds  had  been 
strong  all  the  afternoon  and  blowing  from  the  southeast  toward  the 
general  storm  already  described.  Suddenly,  between  18.10  and  18.15 
o'clock,  the  wind  blew  from  exactly  the  opposite  direction,  or  from 
the  northwest;  this  shift  in  direction  was  due  to  the  tornado,  and  the 
indication  is  very  plain  that  the  wind  was  blowing  clockwise,  or  around 
a  high-pressure  area.  Between  18.20  and  18.25  o'clock  the  wind  just 
as  suddenly  shifted  into  the  northeast  and  continued,  showing  an 
outflow  from  the  tornado.  The  writer  i-egards  this  as  the  most 
significant  fact  in  the  tornado,  not  even  equaled  by  the  trace  of 
pressure. 

It  is  generally  admitted  that  a  tornado  is  an  extreme  development 
of  a  thunderstorm,  and  there  are  hundreds  of  barograph  traces  show- 
ing a  rise  in  pressure  in  a  thunderstorm.  Now,  how  can  this  be  recon- 
ciled with  a  number  of  barograph  traces  showing  a  sudden  fall  in 
tornadoes?  The  best  of  these  is  perhaps  the  one  at  Paris,  given  by 
the  author,  in  which  there  was  a  fall  of  0.2  in.  in  the  center  of  the 
tornado.  At  St.  Louis  the  fall  was  about  the  same,  though  in  this 
case  nearly  1  mile  from  the  center.  In  the  tornado  at  St.  Louis  on 
January  12th,  1890,  a  barograph  trace  is  shown  which  had  no  fall,  but 
a  sudden  rise.  In  the  Louisville  tornado,  March  27th,  1890,  a  baro- 
graph at  Owensboro,  Ky.,  7  000  ft.  from  the  track,  showed  a  sudden 
*  See  '•  The  Mechanism  of  a  Tornado,"  by  the  writer. 
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Mr.  Hazt'ii.  drop  aud  rise,  while  the  same  storm,  or  an  oflfshot,  at  C'inciuuati,  O. . 
gave  a  rather  sudden  rise.  It  has  been  thought  by  some  that  a  sudden 
gust  of  wind  would  tend  to  draw  the  air  out  of  a  room  by  the  chimney 
and  cracks  in  doors  and  this  might  cause  the  sudden  fall  noted.  One 
thing  is  very  certain,  great  caution  must  be  exercised  in  accepting  any 
theory  as  to  a  sudden  diminution  of  pressure  in  a  tornado,  or  that  this 
is  anything  more  than  an  incident  in  its  manifestation.  If  there  is 
this  tremendous  fall  in  i)ressure,  what  is  to  become  of  the  winds  which 
are  supposed  to  be  blowing  at  100  or  150  miles  per  hour  toward  the 
center  ?  It  seems  as  though  a  funnel,  600  or  700  ft.  in  diameter,  would 
not  require  more  than  a  few  seconds  to  be  filled  full  and  running 
over.  The  author  well  shows  that  the  force  of  the  wind  blowing  so 
as  to  form  a  partial  vacuum  on  the  side  of  a  house  would  be  suffi- 
cient to  carry  out  the  wall,  and  this  has  been  demonstrated  again  and 
again  previously.  It  is  commonly  stated  that  it  takes  two  or  three 
minutes  for  a  tornado  to  pass  any  given  point,  and  in  that  time  the 
change  in  pressure  could  be  equalized  inside  and  outside  of  a  house, 
and  indeed  this  is  what  the  author  shows. 

The  time  has  not  come  yet  to  begin  a  positive  statement  as  to  the 
forces  acting  in  a  tornado.  It  is  impossible  to  conceive  of  a  partial 
vacuum  moving  along  the  earth  which  does  not  have  a  violent  and 
rather  uniform  wind  blowing  toward  it  or  else  counterclockwise. 
Now,  in  hundreds  of  cases  it  has  been  shown  that  of  two  objects 
standing  side  by  side  in  the  center  of  a  tornado  track,  for  example,  a 
full  and  an  emjjty  barrel,  the  heavy  barrel  has  been  taken  and  the 
other  left.  The  author  gives  a  similar  instance.  Such  an  occurrence 
as  that  is  impossible  in  a  steady  wind  300  or  400  ft.  wide. 

The  estimates  of  possible  wind  jjressures  needed  to  destroy  a  build- 
ing or  do  damage  are  to  be  accepted  with  great  caution.  It  is  certain 
that  estimates  giving  1  000  or  1  500  miles  per  hour  are  entirely  errone- 
ous, though  it  seems  as  if  the  author's  estimates  are  somewhat  too 
small.  One  of  the  best  estimates,  perhajjs,  is  in  the  blowing  off  of  a 
monument  from  its  jjedestal  at  Wallingford,  Conn.,  August  9th,  1878, 
in  which  a  wind  of  260  miles  per  hour  was  computed. 
Ai:  Nipiier.  Feancis  E.  Nipher,  Esq.*— In  calling  attention  to  the  possibilities 
of  damage  to  large  buildings  from  wind,  the  author  renders  a  great 
service  to  the  profession,  and  the  writer  most  earnestly  commends 
his  thoughtful  jjaper.  His  warning  that  wind  pressures  of  a  very 
serious  kind  must  not  be  forgotten  is  one  that  cannot  be  safely 
ignored,  but  immediately  the  question  arises  as  to  what  pressui'es  must 
be  expected,  and  how  they  are  distributed  over  a  large  building.  It  is 
fair  to  say  that  present  knowledge  on  one  of  these  subjects  is  very  im- 
perfect. The  author  has  bsen  unusually  successful  in  his  studies  of 
the  ruins  at  St.  Louis.     Such  information  as  he  has  collected  should 
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be  supplemented  by  measuremeut  of  wind  pressures  on  high  buildings  Mr.  Nipher. 
during  severe  winds.     Such  measurements  have  not  been  made  thus 
far,  because  there  was  no  practicable  method  of  making  them. 

It  might  seem  that  an  open  tube  might  be  projected  through  a 
shutter  on  the  windward  side  of  a  house,  from  which  a  connecting 
tube  might  lead  the  external  j)ressure  to  a  water-gauge  within.  This 
would  be  an  application  of  the  Pitot  tube  to  determine  wind  pressures. 
This  was  the  method  used  by  Irminger  in  the  exi3eriments*to  which 
the  author  refers.  This  method  will  serve  perfectly  if  the  mouth  of  the 
collecting  tube  faces  the  Avind.  Such  wind-gauges  are  much  used  in  Eng- 
land in  connection  with  Avind  vanes,  which  direct  the  tube  to  the  wind, 
but  when  the  axis  of  such  a  pressure  tube  makes  an  angle  with  the  wind, 
the  action  becomes  very  complicated.  Such  a  tube,  projecting  through 
a  wall  with  Avhich  its  mouth  is  flush,  shows,  as  Irminger  found,  a  suc- 
tion when  the  Aviud  strikes  it  at  an  oblique  angle.  This  does  not 
mean,  as  Irminger  concludes,  that  the  air  pressiire  against  the  wall  is 
less  than  atmospheric  pressure.  It  means  that  the  tube  is  partially 
exhausted  by  an  action  which  is  utilized  in  the  atomizer.  This  atom- 
izer action  affects  all  of  Irminger's  work  which  the  author  describes, 
and  the  results  are  therefore  not  directly  applicable  to  a  case  of  simple 
wind  pressui'e. 

A  tube  1  in.  in  diameter  and  1^  ins.  long,  made  of  thin  metal^ 
having  one  end  closed  by  a  perforated  bottom  from  which  a  i-in.  con- 
necting tube  of  rubber  is  led  to  a  water-gauge,  will  measure  vfind 
pressure  very  accurately  if  its  mouth  be  held  accurately  to  the  wind. 
The  tube  of  the  Avater-gauge  should  be  inclined  so  that  the  rise  is 
■4  or  5  in  100,  in  order  to  increase  its  sensitiveness.  The  cistern 
should  be  large  enough,  so  that  there  is  a  fall  of  not  over  1  for  a  rise 
of  100  along  the  gauge  tube.  If  wind  velocities  are  measured  in  cen- 
timeters per  second,  and  pressures  are  in  dynes  per  square  centimeter, 
then 

P  =  0.5  d  V- 

where  ri  =  the  density  of  the  air  in  grams  per  cubic  centimeter.  At 
ordinary  temperatures  and  pressures,  d  =  0.0012.  If  velocities  are  in 
miles  per  hour,  and  pressures  are  in  pounds  per  square  feet  the  above 
equation  becomes 

P  =  0.00258  V-. 

The  writer  verified  this  formula  by  measurements  on  trains,  and  as 
a  mean  of  over  2  000  measurements  he  found  the  value  of  the  constant 
in  the  above  equation  to  be  0.00251.  This  method  of  determination 
applies  only  to  compression  on  the  windward  side  of  an  obstacle.  It 
wholly  eliminates  the  rarefaction  on  the  leeAvard  side. 

If  the  tube  be  turned  to  an  angle  with  the  Avind,  the  gauge  shows  a 
diminished  pressure,  and  Avhen  the  angle  is  about  60  -  the  pressure  is 
zero.     Connecting  and  disconnecting  the  jiressure  collector  Avith  the 
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Mr.  Niiihei.  gauge  shows  tbeu  no  effect  on  the  gauge.  If  the  angle  be  increased, 
a  suction  is  shown.  When  the  angle  is  90-,  and  the  wind  is  therefore 
blowing  across  the  mouth  of  the  tube,  the  pressure  tube  shows  about 
10%  more  of  fall  than  the  rise  when  the  mouth  of  the  tube  faces  the 
wind.  If  the  angle  be  increased,  the  suction  becomes  less,  and  reaches 
a  minimum  when  the  tube  trails  in  the  wind.  The  fall  of  the  column 
in  the  gauge  is  then  about  S7%  of  the  rise  when  the  mouth  of  the  tube 
faces  the*wind.  In  any  position  where  the  angle  exceeds  90°,  the  air 
within  the  tube  is  not  directly  compressed  by  the  wind,  since  the 
mouth  is  shielded  by  the  tube.  It  is  then  affected  only  by  eddies, 
which  curl  around  the  edge  of  the  tube,  stirring  up  the  air  within  and 
jostling  it  into  the  air  current,  Avhich  sweeps  it  away  until  the  limit  of 
exhaustion  is  reached. 

When  the  deviation  of  the  tube  is  less  than  90^,  a  component  of  the 
wind  velocity  is  effective  in  producing  atomizer  effects  in  the  tube,  but 
this  component  is  not  effective  in  producing  pressure  against  a  wall. 

These  considerations  indicate  the  grounds  on  which  objection  must 
be  made  to  Irminger's  conclusions.  The  writer  thinks  it  doubtful  if 
suction  effects  are  of  much  importance  in  a  tornado.  The  walls  of  a 
building  brace  each  other  internally,  and  the  evidence  of  collapse  from 
internal  rarefaction  is  wanting,  so  far  as  his  observation  extends.  As 
a  tornado  approaches  an  isolated  building,  the  side  next  to  the  whirl 
is  the  leeward  side,  and  on  the  outside  of  the  leeward  wall  the  press- 
ure is  less  than  atmospheric  pressure.  A  window  fails  on  the  windward 
side.  Immediately  the  wind  pressure  on  that  side  is  transmitted 
through  the  rooms  of  the  building  with  a  velocity  which  is  practically 
instantaneous.  The  pressures  on  the  windward  walls  are  then  moi-e 
nearly  balanced  than  before  the  window  broke,  but  the  difference  of 
pressure  on  the  leeward  wall  is  thus  increased.  Above  the  roof  the 
wind  is  also  acting  on  fire  walls  or  chimneys  on  the  leeward  wall,  and 
here  most  of  the  damage  seems  to  begin.  The  leeward  wall  is  the 
vulnerable  point  in  an  isolated  dwelling  house. 

A  moment  later  the  tornado  passes,  and  the  windward  wall  becomes 
a  leeward  wall,  and  may  suffer  even  greater  damage  because  of  the  fact 
that  it  is  more  fully  exposed  by  reason  of  damage  to  the  opposite  walls. 
It  is  in  this  way  that  the  writer  has  exjilained  the  outward  falling  of 
walls  in  the  various  tornadoes  which  he  has  studied. 

The  author  makes  it  very  clear  that  local  whirls  must  exist  every- 
where when  a  tornado  passes  over  a  city,  and  that  these  vortices  must 
contribute  to  local  effects,  such  as  were  generally  observed  in  the  St. 
Louis  tornado. 

If  a  tube  pressure-collector,  such  as  the  writer  has  previously  de- 
scribed, be  exjjosed  on  the  windward  side  of  a  building,  surrounded  by 
other  buildings  at  various  distances  and  having  various  heights,  the 
water  column  of  a  pressure  gaiige  connected  with  it  behaves  in  a  moat 
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capricious  way.  As  a  gust  of  wind  lasting  for  ten  or  fifteen  seconds  Mr.  Xipher. 
passes,  the  column  rises  and  falls  continually,  resjionding  to  tlie  atom- 
izer efiects  of  the  shifting  currents  around  the  mouth  of  the  tube,  as 
well  as  to  the  changes  in  pressure  of  the  air  against  the  building.  What 
is  desired  is  the  difference  in  the  resulting  pressure  of  the  air  on  oppo- 
site sides  of  a  wall  or  building.  The  wind  compresses  the  air  next  to 
the  building.  Wind  effects  are  not  of  interest,  except  so  far  as  the 
wind  compresses  the  air  in  contact  with  the  building,  which  in  turn 
exerts  pressure  against  the  building.  The  pressure  within  the  build- 
ing where  the  air  is  practically  at  rest,  can  be  easily  measured  by  a 
barometer,  but  if  placed  oiitside  of  the  building  and  in  contact  with 
the  wall,  it  will  be  exposed  to  the  wind.  It  is  itself  an  obstacle  in  the 
wind.  The  openings  leading  to  its  air  spaces  will  be  subject  to 
atomizer  effects,  which  will  vary  as  these  air  sj^aces  may  open  out  to 
the  windward  or  to  the  leeward  of  the  barometer,  and  if  the  bai'ome- 
ter  is  enclosed  in  a  box  or  vessel  to  shelter  it  from  the  wind,  the  air 
sjDaces  of  the  box  are  now  in  the  uncertain  condition  which  formerly 
ajaplied  only  to  those  of  the  barometer. 

The  writer  designed  a  pressure-collector  which  eliminates  the 
atomizer  effects  and  also  the  compression  and  rarefaction  effects  due  to 
itself.  It  consists  of  two  thin  steel  disks  4  ins.  in  diameter,  such  as 
are  used  in  small  circular  saws.  Each  disk  is  ground  on  one  side  to  a 
knife  edge,  so  that  when  their  unground  sides  are  put  together, 
the  circular  edge  is  sharp.  Thin  brass  plates,  also  ground  to  knife 
edges,  cover  the  central  holes  of  the  disks,  and  through  these 
plates  passes  a  screw  which  clamps  the  disks  together.  The  head  of 
the  screw  is  soldered  in,  to  make  a  tight  joint.  The  opposite  plate  has 
a  brass  tube  soldered  to  it,  and  the  brass  plate  within  the  tube  is  per- 
forated, so  that  the  air  within  the  tube  commimicates  Avith  the  thin 
sheet  of  air  between  the  knife-edge  saw-disks.  These  disks  are  sepa- 
rated by  a  layer  of  jjermeable  material,  consisting  of  six  to  twelve 
layers  of  brass  wire  cloth,  having  130  wires  to  the  lineal  inch.  This 
layer  of  wire  cloth  must  extend  beyond  the  steel  disks  |  in.  all  around, 
and  the  edges  are  bound  together  in  an  over-seam  by  means  of  thin 
German  silver  wire.  The  thickness  of  a  layer  of  six  sheets  of  such 
wire  cloth  is  0. 047  in. 

The  tube  of  this  disk-collector  is  connected  with  the  pressure 
gauge.  The  layer  of  wire  cloth  transmits  pressures  perfectly,  but  cuts 
off  currents  of  air  from  the  mouth  of  the  tube  which  pierces  one  of  the 
disks.  Atomizer  effects  are  thus  prevented.  The  disk-collector  is  pre- 
sented edgewise  to  the  wind  by  holding  it  fiat  against  the  building, 
which  it  shoiild  not  quite  touch.  The  slight  compression  on  the  wind- 
ward edge  of  the  wire  bundle  is  dissipated  before  reaching  the  steel 
disks,  and  the  same  is  true  of  the  rarefaction  on  its  leeward  edge.  In 
a  howling  wind,  every  momentary  change  in  the  pitch  of  the  sound  is 
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Mr.  Niplier.  iustantlv  seen  as  a  rise  or  fall  in  the  water  colinim.     A  rise  in  pitch  is 
always  accompanied  by  a  rise  in  the  column  and  vice  versa. 

The  writer  has  tested  this  collector  on  trains  with  speeds  np  to  GO 
miles  i)er  hour.  The  disk  was  held  out  of  the  window  on  a  cylindrical 
rod  provided  with  a  graduated  circle.  Setting  the  disk  edgewise  in  the 
wind  and  making  connection  with  the  water-gange  in  the  car,  a  dif- 
ference of  i^ressure  will  nsnally  he  shown.  If  the  gaiige  is  in  the  rear 
of  the  car,  and  windows  and  ventilators  he  ojiened  at  each  end  of  the 
car,  this  difference  in  pressni-e  disappears,  just  as  it  does  when  similar 
experiments  are  made  in  a  house  with  an  ordinary  wind.  The  disk- 
collector  is  then  cleaving  the  air  at  a  speed  of  50  or  60  miles  i^er  hour, 
but  this  wind  does  not  affect  the  pressure-gauge.  If  the  hand  be  placed 
just  back  of  the  disk,  the  air  in  front  of  the  hand  will  be  compressed, 
and  the  result  is  at  once  shown  by  a  rise  in  the  water  column.  In  fact 
this  device  is  wholly  unaffected  by  wind,  but  responds  instantly  to  a 
change  in  pressure  of  the  air  in  which  the  disk-collector  is  placed. 

The  writer  found,  also,  contrary  to  his  expectations,  that  when  held 
in  any  other  than  an  edgewise  position,  the  instrument  gave  practically 
the  same  results. 

It  is  probable  that  the  size  of  the  disk-collector  can  be  reduced  to  a 
diameter  of  2  ins.,  and  there  is  a  possibility  that  it  can  be  reduced  to 
1  in.  This  would  be  desirable  in  the  study  of  the  differences  of 
pressure  around  the  members  of  a  truss. 
Mr.  Baier.  JuiiiTJS  Baiek,  Assoc.  M.  Am.  Soc.  C.  E. — As  the  primary  object  of 
the  study  of  the  work  of  the  tornado  was  to  determine  the  intensity 
of  the  wind  pressure  exerted,  the  question  raised  by  Mr.  Eayrs  as  to 
the  conclusion  reached  by  the  author  in  reference  to  the  failure  of  the 
arcade  of  the  Eads  Bridge  calls  for  some  comment. 

The  objections  advanced  are:  first,  that  the  structure  did  not  fail 
along  the  lines  on  which  its  stability  was  determined;  second,  that  the 
estimate  of  60  lbs.  per  square  foot  as  the  minimum  intensity  of  the 
wind  pressure  is  a  hasty  assumption. 

It  was  not  the  intention  of  the  aiithor  to  advance  any  detailed 
explanation  as  to  the  exact  manner  in  which  the  arcade  was  destroyed. 
With  the  incessant  and  violent  changes,  both  in  velocity  and  direction 
which  are  always  present  whenever  the  air  is  in  motion,  any  deduction 
as  to  the  sequence  of  action  in  the  work  of  destruction  is  clearly  im- 
jjossible.  If  it  is  known,  however,  that  a  structure  was  overtiirned 
solely  by  the  action  of  the  wind,  and  if,  further,  it  is  possible  to 
make  a  definite  estimate  of  its  stability  along  the  line  of  least  resist- 
ance, then  surely  the  means  are  at  hand  to  determine  with  certainty  the 
least  pressure  which  must  have  been  exerted  by  the  wind  over  the  area 
in  question,  whatever  the  actual  pressure  or  its  distribution  or  its  line 
of  action  may  have  been. 

Such  were  the  conditions  in  the  case  of  the  east  arcade  of  the  Eads 
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Bridge.  All  details  as  to  the  dimensions  of  the  structure,  the  weight  of  Mr.  Baier. 
the  materials  and  details  of  construction  were  obtained  by  the  author 
from  a  careful  jjersonal  inspection,  and  were  presented  in  the  paper  in 
minute  detail,  in  order  to  allow  any  reader  to  make  an  independent 
analysis  if  the  conclusion  drawn  by  the  author  seemed  unreasonable. 
The  masonry  was  built  of  blocks  of  stone  the  full  width  of  the  wall, 
and  no  account  was  taken  of  the  tension  value  of  the  mortar  in  the 
joints,  the  stability  against  overturning  being  estimated  for  the  dead 
weight  only,  as  in  the  case  of  a  dry  wall.  The  computations  are  of 
the  most  elementary  nature,  and  introduce  no  uncertainties.  The  re- 
sults are  dependent  solely  on  the  accuracy  of  the  data. 

The  author,  therefore,  wishes  to  emphasize  the  claim  that  the  final 
deduction  of  60  lbs.  per  square  foot  as  the  minimum  intensity  of 
pressure  which  must  have  been  exerted  by  the  wind  at  the  east  arcade 
of  the  Eads  Bridge,  is  in  no  way  a  hasty  assumption,  but  must  be 
accepted  as  a  fact,  unless  it  is  disproved  by  some  actual  computation 
made  in  conformity  with  the  essential  facts  in  the  case. 

The  assumption  made  by  Mr.  Eayrs  that  the  decking  alone  was 
lifted  first  is  clearly  in  error,  since  each  girder  was  secured  to  the 
decking  by  12  bolts,  and  simply  rested  in  turn  on  the  side  walls,  un- 
secured by  any  anchorage  whatever.  All  indications  show  clearly  that 
the  girders  were  carried  away  with  the  decking,  and  the  instance  men- 
tioned in  the  discussion,  of  the  longitudinal  girder  raised  3^  ft.  verti- 
cally, can  be  explained  in  no  other  rational  way  than  that  the  girder 
hung  to  the  decking  and  was  raised  with  it.  As  the  weight  of  the  floor 
varied  from  59  lbs.  to  70  lbs.  per  square  foot,  the  lifting  of  the  same 
would  in  itself  require  an  oblique  upward  wind  with  an  intensity  of 
pressure  much  greater  than  60  lbs.  per  square  foot. 

Beyond  the  immediate  efi'ects  of  wind  pressure  on  structural  work, 
the  subject  of  tornadoes  belongs  rather  to  the  province  of  the  meteor- 
ologist than  the  engineer.  A  brief  explanation  of  the  mechanism  and 
action  of  the  tornado  has,  however,  been  presented  in  the  paper, 
partly  in  explanation  of  the  general  conditions  attending  such  storms 
and  partly  to  bring  out  more  clearly  the  limitations  of  the  fall  in 
pressure  or  the  jjartial  vacuum  formed  at  the  center  of  the  storm  and 
of  the  very  high  velocities  of  the  wind,  several  hundred  miles  per 
hour,  which  are  frequently  referred  to  by  meteorologists,  and  tend  to 
create  the  impression  that  such  storms  are  irresistible.  While  these 
extreme  conditions  may  exist  over  a  limited  area  in  the  higher  altitudes 
of  a  tornado,  it  is  more  probable  that  the  destructive  pressures  exerted 
near  the  surface  are  in  the  main  those  arising  from  the  inflowing  air 
curi'ents  and  are  not  greater  than  can  be  readily  provided  against  in 
engineering  structures. 

In  stating  the  theory  of  the  tornado  the  author  had  no  intention  of 
presenting  any  views  or  theories  of  his  own,  but  rather  to  restate  the 
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Mr.  Baier.  explanation,  mathematically  developed  by  Ferrel  along  lines  orig- 
inally formulated  by  Espy  some  fifty  years  ago.  The  results  of  Pro- 
fessor Ferrel's  works  have  gained  for  him  a  Avorld-wide  reputation, 
and  his  theories  are  almost  universally  accepted  by  students  of 
dynamic  meteorology.  The  exceptions  which  Mr.  Hazen  has  taken  to 
these  theories  are:  first,  as  to  the  existence  of  any  whirl  in  the  tornado; 
and,  second,  as  to  the  existence  of  an  inward  rather  than  an  outward 
flow  of  air.  The  conditions  in  St.  Louis  certainly  confirm  the  theories 
of  Professor  Ferrel.  The  barometric  records  indicated  a  severe  local 
fall  in  pressure  which  could  only  have  been  occasioned  by  a  whirl; 
the  inflow  of  lateral  air  currents  from  all  sides  into  the  general  storm 
center  was  established  conclusively  by  the  many  evidences  of  this 
characteristic  action.  Mr.  Hazen  further  bases  some  of  his  deductions 
on  the  assumption  of  "a  steady  wind  300  or  400  ft.  wide,"  whereas  it 
is  now  well  known  that  air  moves  in  a  tumultuous  mass  continually 
subject  to  the  most  extreme  and  irregular  fluctuations  in  velocity. 
The  wind  in  such  storms  assumes  a  violently  agitated  and  turbulent 
condition  as  much  unlike  the  steady  current  in  which  it  is  often 
assumed  to  flow  as  the  Niagara  whirlpool  is  unlike  a  quiet  stream  of 
water;  and  it  is  hardly  necessary  to  add  that  any  formulas  deduced 
from  fair-weather  experiments  are  about  as  applicable  to  severe  storm 
conditions  as  the  ordinary  hydraulic  formulas  would  be  in  the  case  of 
the  whirlpool. 

While  the  explanation  advanced  by  Professor  Nipher  as  to  the 
atomizer  effect  of  oblique  air  currents  may  partially  account  for  some 
of  the  results  obtained  by  Irminger  and  affect  the  relative  values  found 
by  him  for  direct  pressure  and  for  suction,  it  does  not  in  any  way 
change  his  general  conclusions  as  to  the  reduction  of  the  atmospheric 
pressure  present  on  the  leeward  side  of  obstacles  exposed  to  the  wind. 

The  large  percentage  of  the  total  force  of  the  wind  which  is  due  to 
this  cause  is  moreover  indicated  by  other  results.  The  experiments 
made  by  Professor  Marvin,  with  pressure  boards,  to  determine  the 
total  effect  of  the  wind  show  that  the  relation  between  velocity  in 
miles  per  hour  and  pressure  in  pounds  per  square  foot  is  expressed 
by  the  formula  p  =  0.0040  v^. 

The  results  recently  obtained  by  Professor  ISipher  show,  as  pre- 
viously found  by  other  experimenters,  that  the  effect  of  compression 
on  the  windward  side  only  is  almost  exactly  in  accord  with  theoretical 
values  and  is  7> '  =  0. 0025  v\  A  simj^le  subtraction  gives  p"  =  0. 0015  v^, 
and  this  last  equation  must  therefore  represent  the  force  diie  solely  to 
the  rarefaction  on  the  leeward  side.  These  coefficients  give  ratios  of  25 
to  40  or  62%  for  direct  pressure,  and  15  to  40  or  385*^  for  suction,  values 
that  do  not  dififer  from  those  found  by  Irminger  by  more  than  the 
various  formulas  for  total  wind  pressure  differ  from  each  other.  Since 
the  effect  due  to  compression  on  the  windward  side  is  expressed  by  a 
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constant  coefficient  it  would  seem  that  the  wide  variation  in  tlie  values  Mr.  Baier. 
of  the  coefficients  expressing  the  total  wind   pressure  must  be  caused 
mainly  by  the  variation  in  that  proportionate  part  which  is  due  to  this 
rarefaction. 

That  the  outward  or  lifting  force  due  to  this  suction  effect  is  pres- 
ent in  wind  storms  can  be  seen  occasionally  by  such  examples  as  the 
partially  destroyed  church  shown  on  Plate  III,  Fig.  1,  selected  from 
a  number  of  such  instances  that  came  under  the  notice  of  the  author, 
to  illustrate  this  action.  In  this  case  the  entii-e  roof  was  carried  away 
while  the  weaker  and  lighter  ceiling  was  only  partially  broken.  If 
the  damage  had  been  caused  merely  by  the  wind  blowing  into  and 
being  compressed  within  the  building,  the  light  ceiling  would  have  • 

been  entirely  destroyed  before  the  roof  could  have  been  lifted. 

The  pressure  collector  designed  and  perfected  by  Professor  Nipher 
is  an  exceedingly  ingenious  and  valuable  device,  and  will  undoubtedly 
find  a  varied  application  in  pressure  measurements.  Unfortunately, 
the  determination  by  exjieriment  as  suggested  of  the  actual  intensity 
and  distribution  of  wind  pressures  against  structural  work  is  involved 
in  difficulties  entirely  beyond  control,  due  largely  to  the  comj^lex  and 
variable  nature  of  the  wind  itself  and  to  the  infrequent  opportunities 
to  make  such  experiments  at  high  velocities.  The  wide  range  of 
values  obtained  by  many  exj^erimenters  on  so  simple  a  structural  ele- 
ment as  a  square  plate  further  suggests  the  indefinite  results  that 
must  be  expected  when  dealing  with  the  more  intricate  surfaces  of 
actual  structural  work. 

The  engineer  is  mainly  interested  in  a  measure  of  the  intensity  of 
the  maximum  wind  jiressures  which  occur  in  violent  storms.  Such 
knowledge  can  be  obtained  more  definitely  from  a  critical  analysis  of 
the  actual  total  destructive  work  of  the  wind  as  manifested  from  time 
to  time  than  from  deductions  based  on  the  partially  known  elements 
of  the  very  complex  action  of  the  wind. 

The  accumulated  data  afforded  by  such  catastrophes  as  that  de- 
scribed in  the  paper,  when  properly  interpreted,  must  ultimately  be 
accepted  as  a  guide  to  the  rational  design  of  important  structures 
exposed  to  the  action  of  the  wind. 
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WITH  DISCUSSION. 

The  principal  object  of  this  paper  is  to  bring  out  an  exhaustive  dis- 
cussion on  the  subject  of  the  designing  and  construction  of  elevated 
railroads. 

For  some  years  the  author  had  felt  that  the  methods  in  vogue  for 
constructing  elevated  railroads  "were  radically  wrong,  so  when  he 
assumed  the  duties  of  Consulting  Engineer  to  the  Northwestern  and 
Lake  Street  Elevated  Railroads,  in  July,  1894,  he  began  an  elaborate 
investigation  concerning  the  best  way  to  design,  manufacture,  and 
build  such  structures.     In  reporting  on  some  proposed  plans  for  the 
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Wabash   Avenue    Extension   of    tlie    Lake   Street  line,    which  forms 
one  side  of  the  Union  Elevated  Loop  Railway,  he  gave  the  following 
list  of  essentials  of  elevated  railroad  construction  : 
Fir  at.    Loads. — The  loads  to  be  considered  are  these: 

A.  Live  load. 

B.  Dead  load. 

G.  Thrust  of  braked  trains,  or  traction  load. 

D.  Wind  load,  or  in  reality  an  assumed  transverse  load  to  provide 
for  sway  of  trains. 

E.  Centrifugal  loads  on  curves. 
Second. — Designing. 

F.  Longitudinal  girders  should  have  sufficient  sectional  areas,  and 
should  be  properly  detailed. 

G.  A  proper  system  of  bracing  between  contiguous  longitudinal 
girders  should  be  provided. 

H.  There  should  be  a  proper  connection  of  longitudinal  girders  to 
cross-girders. 

/.  There  should  be  adequate  means  of  transmitting  the  thrust  of 
braked  trains  from  longitudinal  girders  to  columns  without  overstrain- 
ing the  cross-girders. 

J.  The  cross-girders  should  be  properly  designed  in  respect  to  both 
sectional  areas  and  deta  Is. 

K.  There  should  be  a  proper  connection  of  cross-girders  to  columns 
to  provide  for  transmission  of  both  longitudinal  and  transverse  hori- 
zontal loads. 

L.  The  sections  of  the  columns  should  be  properly  designed  to  pro- 
vide sufficient  strength  to  resist  direct  load,  bending  from  longitudinal 
thrust,  bending  from  transverse  thrust,  and,  on  curves,  bending  from 
centrifugal  loads. 

M.  There  should  be  a  proper  anchorage  at  the  foot  of  each  column 
to  make  the  latter,  as  far  as  strength  and  rigidity  are  concerned,  abso- 
lutely continuous  with  the  pedestal. 

N.  There  should  be  an  adequate  wooden  floor,  effectively  attached 
to  the  metalwork  of  the  superstructure. 

0.  The  general  construction  of  the  entire  structure  should  be  as 
economical  as  practicable  in  respect  to  both  quantities  of  materials  and 
facility  in  erection,  due  respect  being  paid  to  the  more  important  re- 
quirements affecting  strength  and  rigidity. 
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P.  The  aesthetics  of  the  design  should  be  considered  as  much  as 
possible  without  involving  extravagant  expenditure  therefor. 

This  list  of  requirements  will  be  referred  to  later  on  in  commenting 
upon  the  details  of  existing  American  elevated  railroads. 

The  immediate  prosecution  of  the  Lake  Street  Elevated  work  was  a 
fortunate  circumstance,  as  far  as  the  investigations  for  the  North- 
western Elevated  were  concerned,  for  it  gave  the  author  an  opportunity 
to  make  certain  experiments  and  researches  which  he  might  other- 
wise not  have  had,  notably  in  the  lines  of  bearing  capacity  of  Chicago 
soil,  details  of  structure  occupying  streets,  and  cold-pressed  threads 
for  bolts. 

In  these  investigations  the  author  has  received  valuable  assist- 
ance from  Charles  V.  Weston,  Esq.,  who  holds  the  position  of  Chief 
Engineer  on  the  Northwestern  Elevated,  the  Union  Loop,  and  the 
Lake  Street  Elevated  Railroads,  and  from  Samuel  M.  Eowe,  M.  Am. 
Soc.  C.  E.,  who  was  retained  temporarily  to  aid  in  the  preliminary 
work. 

The  design  of  the  Wabash  Avenue  Extension  will  be  referred  to 
later  on;  meanwhile  the  investigations  for  the  Northwestern  Elevated 
will  be  taken  up  in  their  consecutive  order. 

Before  proceeding  with  these,  however,  it  will  be  well  to  give  a 
short  description  of  the  road.  It  starts  as  a  double-track  structure 
from  the  Wabash  Avenue  Extension  of  the  Lake  Street  Elevated  at  the 
corner  of  Fifth  Avenue  and  Lake  Street,  runs  north  across  the  Wells 
Street  Bridge  to  Michigan  Street;  thence  west  to  Franklin  Street; 
thence  north  to  Chicago  Avenue,  where  it  exjiands  into  a  four-track 
structure  (leaving  the  street  and  running  into  private  property), 
whence  it  continues  in  a  northerly  and  westerly  direction  to  a  point 
on  Wilson  Avenue  between  Evanston  Avenue  and  the  Chicago,  Mil- 
waukee and  St.  Paul  Railway  tracks,  making  the  total  length  of  line 
a  little  more  than  6^  miles,  of  which  all  but  1  mile  is  four-track 
structure. 

I. — Medium  Steel  versus  Soft  Steel. 

At  the  outset  it  was  necessary  to  determine  whether  it  is  more 
economical  to  use  unreamed  soft  steel  at  a  low  intensity  of  working 
stress,  or  reamed  medium  steel  at  a  higher  intensity.  This  question 
was  quickly  settled  in  favor  of  the  medium  steel,  which  can  be 
strained  legitimately  10%"  higher  than  the  soft  steel,  and  costs  prac- 
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tically  the  same  per  pouucl  at  the  rolling  mills.  The  ratio  of  weights 
of  structure  for  designs  in  medium  steel  and  soft  steel  is  about  as  93 
is  to  100,  a  saving  of  7%  in  weight  of  metal  in  favor  of  the  medium 
steel.  Assuming  the  price  of  metal  erected  to  be  3  cents  per  pound 
makes  the  saving  in  pound  price  0.21  cent,  while  the  cost  of  sub- 
punching  and  reaming  varies  from  0.1  to  0.2  cent  per  pound,  accord- 
ing to  the  facilities  of  the  bridge  shop  for  doing  such  work.  At  present 
perhaps  there  is  a  slight  difference  in  the  pound  prices  erected  of 
soft  and  medium  steel  in  favor  of  the  former,  enough  possibly  to  offset 
the  net  saving  by  reduced  weight  of  the  latter,  so  that,  as  far  as  the 
total  cost  is  concerned,  it  is  immaterial  whether  unreamed  soft  steel 
or  reamed  medium  steel  be  adopted. 

There  is  another  point  involved  here,  however,  which  is  of  far  greater 
import  than  mere  economy  in  cost  of  erected  metal,  viz.,  the  proper 
matching  of  rivet  holes  in  the  component  parts  of  built  members.  For 
several  years  the  author  has  favored  the  sub-punching  and  reaming  of 
all  metal  (although  he  has  not  always  insisted  thereon),  not  so  much 
for  the  sake  of  the  somewhat  disputed  benefit  derived  from  removal 
of  cracked  metal  by  reaming,  as  for  the  greater  certainty  of  obtaining 
properly  matched  rivet  holes.  His  late  investigations  in  this  line, 
made  by  examining  the  shop  work  of  the  various  bridge  manufactur- 
ing companies  of  this  country,  both  personally  and  through  his  assist- 
ant engineers  and  inspectors,  confirm  him  to  such  an  extent  in  this 
opinion  that  he  is  now  prepared  to  make  the  following  statement  and 
to  invite  both  criticism  and  denial  thereof. 

All  structural  metalwork,  whether  it  be  medium  steel,  soft  steel, 
or  even  wrought  iron,  should  be  punched  at  least  I  in.  less  than  the 
diameter  of  the  cold  rivet  and  reamed  to  a  diameter  -i-„-  in.  greater  than 
same;  and  there  is  no  bridge  shop  in  existence  which  can  turn  out  truly 
first-class  work  without  sub-punching  and  reaming  or  drilling. 

Even  when  the  greatest  care  is  taken  in  punching  the  metal  of  the 
component  pieces  of  long  members,  many  of  the  rivet  holes  will  fail 
to  match  by  as  much  as  J  in.,  and  the  author  has  within  a  year  or  two 
seen  |-in.  rivet  holes  elongated  to  1^  ins.,  merely  to  admit  the  rivets. 
Where  several  component  pieces  containing  badly  matched  rivet  holes 
are  placed  together  and  a  tayered  flexible  reamer  is  used  to  enlarge 
the  hole  sufficiently  to  admit  the  rivet,  the  latter  cannot  possibly  fill 
completely  the  irregular  hole,  and,  therefore,  if  left  in  the  piece,  can- 
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not  act  effectively.  If  condemned  by  the  inspector  on  account  of 
looseness,  and  then  driven  out,  it  will,  on  account  of  its  crookedness, 
materially  injure  the  metal  about  the  hole  and  thus  weaken  the  struct- 
ure, perhaps  doing  more  damage  thereto  than  would  the  leaving  in  of 
the  loose  rivet. 

The  use  of  a  tapered,  flexibly  connected  reamer  is  all  humbug,  and 
is  not  true  reaming  at  all,  but  merely  a  means  of  making  it  practi- 
cable to  get  the  rivets  through  badly  punched  holes  that  assemble 
irregularly. 

Real  reaming  can  only  be  done  with  rigid  reamers  or  drills  that  re- 
main at  all  times  at  right  angles  to  the  surface  reamed,  and  cut  a  cy- 
lindrical instead  of  a  tapered  hole.  Such  reamers  as  these  are  the 
only  ones  that  ought  to  be  employed  on  first-class  metalwork, 
excepting,  of  course,  in  confined  spaces  where  they  cannot  be  used, 
and  where  the  flexibly  connected  reamer  must  of  necessity  be  em- 
ployed. 

The  author  knows  well  that  these  opinions  are  at  variance  with 
those  of  a  majority  of  the  manufacturers  of  structural  steel,  and  it  is 
on  this  account  that  he  presents  them  so  forcibly. 

That  many  manufacturers  are  opposed  to  sub-punching  and  ream- 
ing was  shown  very  clearly  at  the  lettings  of  the  contracts  for  the 
Wabash  Avenue  Extension  of  the  Lake  Street  Elevated,  and  for  the 
Northwestern  Elevated,  one  manufactui'er  going  so  far  as  to  make  a 
difference  of  one-third  of  1  cent  per  pound  between  reamed  and  un- 
reamed  work. 

At  these  lettings  good  evidence  was  also  given  confirming  a  state- 
ment of  the  author,  viz.:  "It  has  been  hitherto  the  general  opinion 
that  almost  any  kind  of  a  structure  in  respect  to  design,  quality  of 
material  and  workmanship  will  suffice  for  an  elevated  railroad. "  One 
manufacturer  remarked  to  the  author  in  criticism  of  the  plans  and 
specifications  submitted  to  bidders  :  "Why,  your  requirements  in  re- 
gard to  details  and  workmanship  are  as  rigid  as  if  you  were  about  to 
build  a  railroad  bridge."  The  reply  to  this  was,  "Yes.  I  consider 
this  structure  to  be  just  as  important  as  any  railroad  bridge  ever  built." 

And  why  should  it  not  be  just  as  important?  Are  not  the  live  loads 
thereon  more  continuously  applied,  and  is  not  the  assumed  maximum 
load  very  nearly  reached  many  times  per  day?  On  these  accounts,  is 
it  not  even  more  important  to  make  an  elevated  railroad  absolutely 
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perfect  in  every  detail  of  design  and  construction  than  it  is  to  so  make 
a  railroad  bridge? 

The  author  is  by  no  means  alone  in  his  opinion  that  nearly  all  the 
elevated  railroads  of  this  country  will,  in  the  not  very  distant  future, 
have  to  be  replaced,  and  mainly  on  account  of  faulty  detailing.  Of 
what  the  faulty  detailing  consists  will  be  dealt  with  further  on. 

At  this  point  the  author  wishes  to  call  attention  to  a  very  reprehen- 
sible practice,  which  these  lettings  exemplified  quite  forcibly,  viz., 
attempting  to  overthrow  the  engineer's  plans  and  specifications  sub- 
mitted for  tendering.  In  the  case  of  the  Wabash  Avenue  Extension 
letting  a  most  determined  but  unsuccessful  eftbrt  was  made  to  alter 
the  author's  plans,  so  when  the  specifications  for  the  Northwestern 
Elevated  were  drawn,  the  following  clause  was  inserted  with  the 
permission  of  the  president  of  the  company : 

"  All  work  herein  outlined  is  to  be  done  in  strict  accordance  with 
the  following  specifications,  the  accompanying  plans,  and  such  instruc- 
tions as  may  be  given  from  time  to  time  by  the  company's  engineers. 
Bidders  are  hereby  warned  that  they  will  be  held  strictly  to  the  spirit 
of  these  specifications,  and  that  it  will  be  bad  policy  for  any  one  to  bid 
with  the  expectation  that  concessions  will  be  made  after  the  contract  is 
closed,  in  order  that  the  work  may  be  cheapened  ;  for  while  the  com- 
pany's engineers  desire  at  all  times  to  aid  the  contractors  in  every 
legitimate  manner  to  do  their  work  expeditiously  and  economically, 
at  the  same  time  they  have  given  these  plans  and  specifications  the 
most  thorough  consideration,  and  know  exactly  what  they  need  in 
respect  to  both  design  and  quality  of  materials  and  workmanship.  On 
this  account  bidders  are  respectfully  requested  not  to  complicate  their 
tenders  by  putting  in  alternative  bids  based  on  proposed  changes  in 
either  plans  or  specifications;  because  such  alternative  bids  will  not 
be  considered." 

The  result  of  the  insertion  of  this  clause  was  rather  amusing,  for 
attempts  were  made  to  overthrow  not  only  the  plans,  but  the  specifica- 
tions also.  However,  but  little  difficulty  was  encountered  by  the  engi- 
neers in  throwing  out  all  alternative  bids ;  and  the  contract  was  let  to 
parties  who  were  willing  to  tender  without  suggesting  changes  in  the 
plans  and  specifications  submitted  to  the  bidders. 

Another  question  that  came  up  at  these  lettings  was  that  of  using 
acid  or  basic  open-hearth  steel.  Preference  was  given  to  the  former 
in  the  specifications,  but  such  evidence  was  submitted  to  the  engi- 
neers as  to  convince  them  that  the  basic  product  can  be  made  as  satis- 
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factory  as  the  acid,  and  at  a  trifle  less  cost  ;  consequently,  it  was 
adopted.  Since  then,  however,  the  reports  of  the  company's  inspectors 
indicate  that  the  basic  steel  is  not  quite  so  uniform  in  quality  as  the 
acid;  and  that  it  may  prove  advisable  in  future  specifications  for  basic 
medium  steel  to  reduce  the  average  ultimate  stress  limits  from  64  000 
lbs.  to  61  000  lbs.  per  square  inch. 

It  appears  to  the  author  that  the  general  adoption  of  basic  open- 
hearth  steel  is  fast  tending  to  the  employment  of  soft  steel  for  bridges. 
As  far  as  short  and  medium  spans  are  concerned,  this  is  all  right,  but 
it  is  the  opposite  for  long  spans,  esi^ecially  for  very  long  ones,  where 
the  dead  load  is  the  ruling  factor  in  proportioning  the  members. 
Perhaps  in  the  near  future  some  alloy  of  steel,  such  as  nickel  steel,  can 
be  made  cheaply  enough  to  warrant  its  use  for  very  long  span  bridges. 

II — Weights  and  Dimensions  of  Motor  Cabs  and  Trallers. 
After  due  deliberation  it  was  decided  to  make  both  the  motor  cars 
and  the  trailers  40  ft.  long  out  to  out,  and  to  carry  each  car  on  four 
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Fig.  1. 
axles,  the  weight  of  a  loaded  motor  car  being  60  000  lbs. ,  and  that  of 
a  loaded  trailer  40  000  lbs.     The  distribution  of  this  live  load  is  shown 
in  Fig.  1. 

m. — The  Best  and  Cheapest  Kind  of  PoRTiiAND  Cement  to  Adopt, 
AXD  the  Best  Proportions  for  Concrete  Made  with  Same. 

This  investigation  was  made  by  Samuel  M.  Rowe,  M.  Am.  Soc. 
C.  E.  As  a  result  thereof  the  author  has  modified  his  standard  speci- 
fications for  cement  so  as  to  read  thus: 

"All  cement  used  in  the  work  shall  be  Portland  cement  of  the 
very  best  quality  obtainable,  equal  in  every  particular  to  the  best 
brands  of  American  manufacture.  It  shall  be  ground  so  fine  that  at 
least  ninety-seven  (97)  per  cent,  in  weight  will  pass  a  standard  sieve 
of  five  thousand  (5  000)  meshes  to  the  square  inch,  and  so  that  at  least 
ninety  (90)  per  cent,  will  pass  a  standard  sieve  of  ten  thousand  (10  000) 
meshes  to  the  square  inch. 

"When  moulded  neat  into  briquettes  and  exposed  three  (3)  hours, 
or  until  set,  in  air  and  the  remainder  of  twenty-four  (24)  hours  in  water. 
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it  shall  develop  a  tensile  strength  of  from  one  hundred  (100)  to  two 
hundred  and  fifty  (250)  pounds  per  square  inch. 

"When  moulded  neat  into  briquettes,  and  after  exposure  of  one 
(1)  day  in  air,  and  six  (6)  days  in  water,  it  shall  develop  a  tensile 
strength  of  from  two  hundred  and  fifty  (250)  to  five  hundred  (500) 
pounds  per  square  inch;  and  after  exposiire  of  one  (1)  day  in  air,  and 
twenty-seven  (27)  days  in  water,  it  shall  develop  a  tensile  strength  of 
from  four  hundred  (400)  to  six  hundred  (600)  pounds  per  square  inch. 
"It  shall  be  an  eminently  slow-setting  cement,  must  develop  its 
strength  gradually,  and  must  show  no  drojj  therein.  When  moulded 
into  pats  with  thin  edges,  and  either  left  on  glass  or  not  to  set  in 
water,  said  edges  must  show  no  signs  of  checking. 

"Briquettes  mixed  in  proportion  (by  weight)  of  one  (1)  part 
cement  to  three  (3)  parts  sand,  and  kept  one  day  in  air  and  the  re- 
maining time  in  water,  shall  show  a  tensile  strength  of  from  one 
hundred  (100)  to  one  hixndred  and  fifty  (150)  pounds  per  square  inch 
after  seven  (7)  days,  and  from  one  hundred  and  fifty  (150)  to  two 
hundred  and  fifty  (250)  pounds  per  square  inch  after  twenty-eight  (28) 
days. 

"In  any  case  the  cement  adopted  must  be  first  approved  by  the 
Chief  Engineer." 

The  jjroportions  of  Empire  or  Aalborg  cements,  which  were  the 
brands  adopted  for  the  Northwestern  Elevated  Raih-oad  pedestals, 
used  in  making  concrete,  are : 

One  part  by  volume  of  cement. 
Three  parts  by  volume  of  sand. 
Six  parts  by  volume  of  graded  broken  stone. 
Unless  the  stone  be  of  several  graded  dimensions,  so  as  to  reduce 
the  proportion  of  voids  to  a  minimum,  its  proportion  in  the  concrete 
should  be  reduced  to  five;  for  while  these  brands  of  cement  will  stand 
a  three  to-one  dose  of  sand,  the  resulting  mortar  will  not  fill  com- 
pletely all  the  voids  in  the  stone  at  one,   three  and  six,  unless  the 
grading  of  the  stone  be  done  very  carefully,  and  unless  the  various 
sizes  of  stone  be  thoroughly  mixed. 

For  concrete  for  bridge  pier  caissons,  using  these  brands  of  cement, 
the  author  would  recommend  the  following  proportions : 
One  part  by  volume  of  cement. 
Three  parts  by  volume  of  sand. 
Five  parts  by  volume  of  broken  stone. 
In  case,   however,  the  concrete   be  deposited   under  water   or  in 
places  where  special  strength  and  solidity  are  required,  the  propor- 
tions should  be  changed  to  one,  two  and  four. 
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IV. — The  Best  and  Cheapest  Kind  of  Metal  Paint  to  Adopt. 

Mr.  Rowe  conducted  this  investigation  also,  but  unfortunately  was 
not  able  to  complete  his  experiments.  He  has  promised  to  give  in  his 
discussion  his  results  as  far  as  they  go.  It  was  decided  to  use  for  the 
Wabash  Avenue  Extension  Eureka  jiaint,  and  the  National  Paint  Com- 
pany's No.  31  for  the  Northwestern  Elevated.  In  another  structure,  if 
the  author  could  have  his  own  way  in  respect  to  paint,  he  would  give  the 
metal  a  good  coat  of  boiled  linseed  oil  at  the  mills  before  it  is  exposed 
to  the  weather,  one  priming  coat  of  Eureka  paint  at  the  shops,  while 
the  metalwork  is  still  under  shelter,  and  two  coats  of  first-class  iron 
oxide  paint  after  erection. 

V. — •Prices  of  Timber  F.  O.  B.  Cars  Chicago. 

This  investigation  was  made  in  order  to  determine  what  kind  of 
timber  to  adopt,  and  whether  it  be  advisable  to  specify  all  heart  or  a 
certain  portion  of  sap,  the  result  being  that  it  was  decided  to  use  the 
best  quality  of  long-leaf  southern  yellow  pine  entirely  free  from  sap. 
This  question  of  timber  will  be  further  treated  in  Section  12. 

VI. — Best  and  Most  Economical  Span  Lengths. 

This  question  was  investigated  very  exhaustively,  considering  every 
item  of  expense,  including  not  only  cost  of  metal  in  place,  but  also 
that  of  concrete,  excavation,  back-filling  and  pavement;  also  the  pos 
sibility  of  expense  for  the  moving  of  water  pipes  and  other  conduits. 
The  investigation  showed  that  for  plate-girder  construction  through 
private  property  the  economic  span  length  is  about  40  ft.,  while  for 
construction  in  the  street  it  varies  from  47  to  50  ft. ,  or  even  3  or  4  ft. 
more  in  case  of  cross-girders  spanning  wide  streets  from  curb  to  curb. 

The  theory  of  true  economy  in  elevated  railroad  designing,  as  far 
as  length  of  bays  is  concerned,  is  simply  this:  "The  cost  of  the  longi- 
tudinal girders  should  be,  as  nearly  as  may  be,  equal  to  the  cost  of 
the  bents  and  their  supporting  pedestals,  in  case  of  doubt  adopting 
the  longer  span." 

VII. — Four-Column  versus  Two-Column  Structures. 

Detailed  estimates  of  cost  show  that  as  far  as  economy  is  concerned 
there  is  but  little,  if  any,  difference  between  these  two  styles  of  bent. 
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Whether  the  total  cost  of  the  four-column  bent  will  exceed  that  of  the 
two-column  one  for  a  four-track  structure  depends  upon  the  various 
schedule  prices  for  metal,  concrete,  excavation,  paving,  etc.,  as  well 
as  ujDon  the  character  of  the  soil.  As  there  is  no  great  difference  in 
the  cost  of  these  two  types  of  structure,  and  as  the  four-column  bent 
is  decidedly  the  more  rigid  of  the  two,  it  was  adopted  wherever  prac- 
ticable. Fig.  2  gives  a  general  elevation  and  plan  showing  the  steel- 
work. Cantilevering  an  entire  train  load  beyond  the  exterior  column 
of  a  two-column  bent  is  not  conducive  to  rigidity,  but  this  is  the  only 
method  that  will  bring  the  cost  as  low  as  that  of  the  four-column  bent. 


HALF  PLAN. 
Fig.   2. 


W^- 


VIII. — Braced  Towers  versus  SoijItary  Columns. 

Where  an  elevated  railroad  occupies  private  property  and  crosses 
the  streets  by  spanning  from  curb  to  curb,  it  is  practicable  to  use 
braced  towers  and  thus  stiffen  the  structure  and  check  vibration;  and, 
moreover,  this  arrangement  is  very  economical. 

For  the  Northwestern  Elevated,  upon  which  it  is  iDroj^osed  to  run 
trains  at  a  speed  of  40  miles  per  hour  on  the  inner  tracks  between  the 
inter-track  stations,  which  are  situated  about  a  mile  apart,  the  consid- 
eration of  the  extra  rigidity  afforded  by  the  braced  towers  is  quite  im- 
portant. It  was  therefore  decided  to  use  both  longitudinal  and 
transverse  sway  bracing  forming  braced  towers  spaced  about  150  ft. 
apart  (or  two  towers  per  block),  and  to  use  the  transverse  sway  brae- 
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ing  on  all  bents  on  curves,  -wherever  practicable.      Fig.  3  gives  the 
details  of  the  longitudinal  sway  bracing  for  a  23  J -ft.  span. 

Two  only  of  the  three  spaces  between  columns  are  to  have  trans- 
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verse  sway  bracing,  thus  leaving  a  longitudinal  passage-way  for  wagons 
at  the  center  of  the  structure. 

The  saving  in  weight  of  metal  i^er  lineal  foot  of  four-track  structure 
on  tangents  by  adopting  braced  towers  instead  of  solitary  columns 
was  found  to  be  about  140  lbs.,  or  nearly  9%  of  the  total  weight. 
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IX. — The  Best  Weight  and  Dimensions  of  Track  Kails. 
After  thorough  investigation  it  was  decided  to  adopt,  as  the  best 
and  most  economical  section,  an  80-lb.  rail,  5  ins.  high,  with  vertical 
sides,  and  containing  4:5%  of  its  metal  in  the  head. 

X. — Best  Areangement  and  Dimensions  of  the  Wooden  Floor. 

The  result  of  the  investigation  on  this  subject  was,  for  longitudinal 
girders  spaced  5  ft.  centers,  the  adoption  of  6  x  8-in.  ties  laid  flat  and 
spaced  14  ins.  centers;  6  x  6-in.  inner  guards  and  6  x  8-in.  outer 
guards  on  edge,  all  guards  being  fastened  by  soft  steel  bolts  with 
pressed  threads,  and  connections  to  the  metalwork  being  made  by 
means  of  hook-bolts.     Fig.  4  illustrates  the  track  system. 


Fig.  4. 


XI. — Collection   of  Data  of  Various   Kinds  Concerning  Elevated 

Railroads. 

The  results  of  this  investigation,  made  by  the  author  and  his  assist- 
ants by  examining  the  principal  elevated  roads  of  the  East  and  those 
then  in  operation  in  Chicago,  as  far  as  the  designing  of  the  metalwork 
is  concerned,  amount  simply  to  the  accumulation  of  a  great  mass  of 
information  exemplifying  "  how  not  to  do  it." 

Such  negative  data  are,  of  course,  useful;  but,  if  a  properly  de- 
signed and  constructed  road  in  operation  could  have  been  examined, 
the  information  accumulated  would  have  proved  much  more  valuable. 

Much  useful  information,  however,  was  obtained  upon  such  mat- 
ters as  track,  stations,  signals,  etc.,  by  the  examination  of  existing 
elevated  railroads. 
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XII.  — Treated  versus  Untreated  Timber  for  Tracks  and  Platforms. 

After  considerable  investigation  it  was  decided  to  preserve  the  tim- 
ber by  the  vulcanizing  process.  The  following  extracts  from  the 
author's  report  to  the  company  on  this  subject  may  be  of  interest. 

"  Unfortunately,  the  only  vulcanizing  works  in  this  country  are 
located  in  New  York  City;  consequently,  the  freight  rates  on  vulcanized 
timber  delivered  at  Chicago  are  high,  the  average  price  for  such  tim- 
ber as  we  need  being  about  $32  per  thousand  delivered  at  site,  while 
the  untreated  timber  would  cost  only  $18  per  thousand.  It  will  cost 
about  $6  per  thousand  additional  to  put  the  timber  in  place. 

"  Vulcanized  timber  has  been  used  on  the  New  York  Elevated 
Railroads  for  twelve  years  without  showing  any  signs  of  material 
deterioration,  and  the  chances  are  that  it  will  last  fully  twenty -live 
years. 

"  Our  investigations  lead  us  to  the  conclusion  that  it  costs  about 
$1  per  tie  to  replace  ties  in  the  track  without  interfering  with  the 
traffic,  over  and  above  the  value  of  the  tie  itself;  while  for  new  work 
the  cost  of  laying  a  tie  is  only  20  cents,  making  a  difference  of  80 
cents. 

"  For  the  purpose  of  comparison  let  us  take  a  mile  of  double  track. 
The  bill  of  timber  therefor  is  as  follows : 


Ties . . . . 

9  052 

6  ins 

X  8  ins.  X         8  ft . . . 

...  289  664  ft. 

Guards . 

920 

6    " 

x8    "    X       24"... 

...     88  320  " 

Guards 

920 

8    " 

x8    "    X       24"... 

...  117  760  " 

Planks.. 

5 

2    " 

x8    "    x5  280  "... 

...     35  200  " 

Joists  . . 

1508 

4    " 

x8    "    X         8  "... 

...     32  171  " 

563  115  ft. 

Say  564  M. 

"  In  order  to  be  absolutely  on  the  side  of  safety,  let  us  assume  the 
life  of  the  vulcanized  timber  to  be  only  fifteen  years,  or  just  twice  that 
of  the  untreated  timber,  and  that  the  excess  of  cost  of  replacing  ties 
during  traffic  over  that  when  there  is  no  traffic  is  60  cents  instead  of 
80  cents  per  tie.  The  rate  of  compound  interest  assumed  is  5  per  cent. 
At  the  end  of  fifteen  years,  then,  according  to  these  assumptions,  the 
floor  in  either  case  would  have  to  be  renewed,  and  the  total  costs  for 
the  fifteen  years  would  be  as  follows : 

For  Vulcanized  Timber. 

564  M  at  $38 $21  432  00 

Compound  interest  on  .$21  432  for  15  years . .       23  125  13 

Total $44  557  13 


WADDELL   ON    ELEVATED    RAILKOADS.  321 

Foe  Untreated  Timbee. 

564  M  at  $24 S13  536  00 

564  M  at  .$24 13  536  00 

9  052  ties  at  60  cents 5  431  20 

Compound  interest  on  i$13  536  for  15  years. . .  14  605  30 

Compound  interest  on  $18  967  for  7i  years. .  8  383  50 

Total $55  492  00 

"  According  to  these  figures  the  untreated  timber  is  about  25% 
more  expensive  than  the  vulcanized  timber,  even  upon  assumptions 
that  are  manifestly  unfavorable  to  the  latter." 

Xin. — Best  and  Cheapest  Mateeiai.  foe  Pedestal  Caps. 
Estimates  of  cost  were  made  on  several  types  of  pedestal  caps,  in- 
cluding castings  like  those  used  on  the  Metropolitan  Elevated,  Kettle 
River  sandstone  blocks  and  granitoid;  and  the  last  was  adopted  be- 
cause it  was  considered  both  the  cheapest  and  best.  Experience  with 
the  finished  pedestals  has  given  the  company's  engineers  no  reason 
to  regret  their  decision  concerning  this  matter.  The  granitoid  cover- 
ing for  the  concrete  of  the  pedestals  is  6  ins.  thick,  and  is  composed 
of  one  part  of  Portland  cement,  two  parts  of  fine  granite  screenings 
and  four  parts  crushed  granite,  no  piece  being  too  large  to  pass  through 
a  ring  f  in.  in  diameter,  the  top  surface  being  made  extremely  smooth, 
to  exact  elevation,  and  perfectly  level. 

XIV. — Bearing  Capacity  of  Chicago  Soll. 
Mr.  Rowe  made  a  number  of  experiments  on  the  bearing  cai^acity 
of  Chicago  soil,  using  an  apparatus  designed  by  the  author,  by  which 
a  load  of  pig  iron  was  apjilied  centi-ally  to  a  square  block  of  timber. 
As  Mr.  Rowe  has  promised  to  treat  this  subject  in  his  discussion,  no 
further  details  will  be  given  here,  except  to  state  that  the  safe  load 
in  some  places  ran  as  low  as  1  ton  per  square  foot. 

XV. — Best  SiYiiE  or  Anchorage  for  CoiiUMNS. 
Where  longitudinal  sway  bracing  is  employed,  two  anchor  bolts 
per  jjedestal  were  used;  but,  where  reliance  was  placed  on  the  trans- 
verse strength  of  the  column  to  resist  the  bending  effects  of  longitu- 
dinal and  transverse  thrusts,  four  anchor  bolts  per  j)edestal  were 
employed.  All  the  anchor  bolts  of  each  pedestal  were  passed  through 
a  single  anchor  casting  or  spider  embedded  in  the  concrete    and  set 
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very  carefully  to  exact  line  and  level.  The  details  of  the  founda- 
tion are  shown  in  Fig.  5.  The  upper  ends  of  the  anchor  bolts  are 
enclosed  loosely  with  a  curved  steel  plate,  long  enough  to  contain 
an  ample  number  of  rivets  for  attaching  to  the  column,  and  having 
a  square  and  smooth  top  to  receive  a  heavy  steel  washer  plate.  As 
there  are  enough  rivets  connecting  the  curved  plate  to  take  care  of 
both  the  direct  and  the  secondary  or  induced  stresses  due  to  eccen- 
tricity, this  entire  pedestal  detail  is  such  as  to  make  the  column  and 
the  pedestal  absolutely  continuous,  so  that  they  act  as  a  unit  in  re- 
sisting overturning;  hence  all  calculations  of  strength  of  parts  were 
made  upon  the  assumption  that  the  foot  of  the  column  is  fixed. 


,1V^  Anchor  Bolts 
■,114)4  Steel  Washer 
■•  .WilS'Foot  Plate 

.>j'i20"Be<l  Plate 


SECTIONAL  PLAN  OF  COLUMN 
FOOT  AND  PIER 


Fig.  5. 

A  detail  similar  to  this  was  employed  by  the  author  in  1891  when 
designing  the  columns  and  pedestals  of  the  Sioux  City  train-shed; 
and,  as  far  as  he  knows,  this  was  the  first  time  that  a  column-foot 
detail  involving  a  truly  fixed  end  for  the  column  was  ever  used. 

The  ordinary  method  of  running  the  anchor  bolts  through  the 
horizontal  foot-plate  of  the  column  near  its  edges  or  corners  does  not 
make  a  fixed-end  column — far  from  it,  as  a  few  simple  calculations 
will  show. 


XVI. — Plate  Girdeks  versus  Open- Webbed  Gikdees. 

In  designing  these  elevated  railroads  for  Chicago,  many  estimates 
for  both  plate   and    open-webbed   girders   have    been   made,  which 
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demonstrate  that  there  is  jjractically  no  difference  in  the  weight  when 
both  girders  are  properly  designed.  As  the  open-webbed  girders  cost 
a  trifle  more  per  pound  to  manufacture,  there  is  no  economy  in  their 
use;  nevertheless  they  were  adopted  for  all  structures  running  longi- 
tudinally in  the  streets  in  order  to  comply  with  certain  city  ordi- 
nances. 

The  observance  of  these  ordinances  was  sometimes  carried  to  ex- 
tremes, producing  ridiculous  combinations  of  solid  and  open  web  irt 
the  same  girder,  and  an  evident  waste  of  material  and  labor.  For  this 
the  engineers  are  not  to  blame,  as  it  was  not  they  who  framed  the 
ordinances. 

XVII. — Cbimping   of  Web-Sthtening   Angles  versus  the  Use  of 
Filling  Plates. 

An  investigation  of  this  question  was  made  by  writing  to  a  number 
of  the  leading  bridge  companies,  and  propounding  to  them  this  query : 
"If  you  had  a  lump  sum  contract  for  building  a  bridge  would  you 
find  it  more  economical  to  use  crimped  angles  for  web  stiffeners,  or 
to  adopt  plain  angles  with  fillers  beneath  them?"  Some  replies 
favored  crimping  and  some  did  not;  but  the  majority,  including  most 
of  the  larger  companies,  considered  crimping  a  little  the  more  eco- 
nomical, especially  for  intermediate  stiflfeners;  consequently  on  the 
Chicago  work  all  intermediate  stiflfeners  are  crimped,  and  all  end 
stiflfeners  have  iilling  plates. 

XVin. — Best  Sections  fok  Columns. 

Investigation  concerning  strength,  capacity  to  resist  impact,  fa- 
cility of  erection,  economy  of  metal,  etc. ,  determined  that  the  section 
for  columns  located  in  the  street  should  be  two  15-in.  rolled  channels 
with  the  flanges  turned  inward  and  a  15-in.  rolled  I-beam  riveted  be- 
tween to  act  as  a  central  web  or  diajjhragm,  the  flanges  of  the  channels 
being  held  in  place  by  interior  stay  plates  spaced  about  3  ft.  centers. 
In  most  cases  the  column  feet  pass  below  the  pavement  and  are  em- 
bedded in  the  concrete,  to  which,  of  course,  they  are  bolted,  but  in 
some  cases  they  rest  on  pedestals  a  little  above  the  level  of  the  side- 
walk. The  main  object  in  turning  the  flanges  inward  is  to  enable  the 
column  better  to  resist  impact  from   heavily  loaded   vehicles.     Just 
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above  the  pavement  there  is  a  curved  casting  filled  with  concrete  and 
surrounding  the  column  to  act  as  a  fender. 

This  column  is  a  very  satisfactory  one  after  it  is  erected,  although 
it  gives  some  little  difficulty  in  the  shops  and  involves  a  little  more 
field  riveting  than  usual.  One  complaint  made  was  that  the  top  and 
bottom  planes  of  flanges  of  I-beams  are  never  exactly  parallel  to  each 
other,  so  that  some  straightening  was  necessitated. 

For  columns  located  on  private  i^roperty  or  on  sidewalks  where  the 
structure  is  transverse  to  the  street,  four  Z-bars  and  a  web  plate  were 
adopted  as  the  most  satisfactory  section.  At  the  top  of  the  column  a 
wide  curved  web  plate  and  curved  angles  are  used.  This  design  makes 
a  most  satisfactory  column,  which  goes  through  the  shops  readily,  and 
which  is  well  adapted  for  quick  erection.  It  is  true  that  it  necessitated 
a  special  tool  for  cutting  the  webs  to  a  circle,  but  after  this  was  made, 
the  manufacture  was  easy  and  comparatively  inexpensive.  The  Union 
Bridge  Comisauy ,  of  Athens,  Pa. ,  and  the  Elmira  Bridge  Company,  of 
Elmira,  N.  Y.,  together  took  the  contract  for  the  metalwork  of  the 
entire  Northwestern  Elevated  and  the  Fifth  Avenue  side  of  the  Union 
Loop.  The  Lake  Street  side  of  the  Loop  was  built  by  the  Phcenix 
Bridge  Comijany  of  Phoenixville,  Pa.,  and  the  other  two  sides  are  being 
built  by  the  Pencoyd  Iron  Works  of  Pencoyd,  Pa. 

Figs.  6  and  7  illustrate  features  of  the  column  construction,  the 
latter  figure  also  showing  the  details  of  an  expansion  joint. 

XIX. — Best  Style  of  Expansion  Joint. 

The  designing  of  a  j^erfectly  satisfactory  expansion  joint  is  no  simj^le 
problem  ;  consequently,  it  demanded  considerable  study,  the  result  of 
which  was  the  adoption  of  the  pocket  shown  in  Figs.  8  and  9  to  receive 
the  loose  end  of  a  longitudinal  girder.  The  most  important  feature  of 
this  design  is  that  the  center  of  pressure  from  the  longitudinal  girder 
is  distant  from  the  cross-girder  about  half  the  length  of  the  pocket, 
which  reduces  the  moment  due  to  eccentricity  upon  the  group  of 
rivets  connecting  the  pocket  to  the  cross-girder,  and  prevents  the 
bearing  of  the  longitudinal  girder  from  coming  on  an  edge  of  metal 
as  would  be  the  case  were  not  the  center  of  pressure  thrown  towards 
the  cross-girder  by  the  small  base  plate.  Again,  the  number  of  rivets 
connecting  the  pocket  to  the  cross-girder  is  ample  for  both  the  direct 
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shear  and  the  secondary  stresses  due  to  the  moment  caused  by  the  ec- 
centric beai'ing.  The  longitudinal  girder  tits  tightly  laterally  in  the 
pocket,  and  its  top  is  held  between  angle  clips  riveted  to  the  cross- 
girder.     Thus  the  expansion  ends  of  the  longitudinal  girders  are  held 
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laterally  to  the  cross-girders  just  about  as  rigidly  as  are  the  riveted 
fixed  ends. 

The  detailing  of  the  entire  expansion  end  is  so  arranged  that  all 
parts  of  the  metalwork  are  accessible  to  the  brush  for  painting,  al- 
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thougli  extra  care  will  have  to  be  used  by  tlie  painter  on  this  portion 
of  the  structure,  in  order  to  m^ke  sure  that  no  portion  of  the  surface 
is  unprotected. 

XX. — Style  of  Bracing  on  Curves. 
The  extra  bracing  on  curves  is  composed  of  two  lower  lateral  sys- 
tems, each  pertaining  to  two  tracks,  and  consisting  of  a  double  sys- 
tem of  cancellation,  the  diagonals  being  formed  of  two  4  x  3-in. 
angles  riveted  together  and  to  the  lower  flanges  of  the  longitudinal 
girders  where  they  cross  the  same.  The  columns  on  curves  are  made 
larger  and  stronger  than  those  on  tangents,  in  order  to  resist  projjerly 
the  centrifugal  loads. 

XXI. — Proper  Limit  of  Length  of  Strttctttre  between  Expansion 

Joints. 

This  question  involves  the  effects  of  changes  of  temperature,  more 
especially  in  producing  bending  on  the  columns.  The  latter  were 
figured  for  deflection  with  due  regard  to  the  fixedness  of  their  ends, 
which  increases  the  extreme  fiber  stresses  due  to  changes  of  tem- 
perature. The  investigation  showed  that  150  ft.  should  be  the  ordi- 
nary limiting  distance  between  expansion  points.  On  almost  the 
entire  lines  of  the  Northwestern  and  Loop,  this  limit  was  observed; 
but  in  two  or  three  cases,  owing  to  peculiar  local  conditions,  it  had  to 
be  exceeded.  In  these  cases,  however,  the  columns  most  affected  were 
strengthened. 

XXII. — TRACK-BoiiT  Nuts  Above  versus  Track-Bolt  Nuts  Below. 

Each  method  has  both  good  and  bad  features.  With  nuts  below, 
the  hole  through  the  wood  can  readily  be  protected  from  the  entrance 
of  water,  but  the  nuts  may  work  off  the  bolts  without  notice  being 
taken  of  the  fact  by  the  track-walker.  With  nuts  above,  any  loosen- 
ing of  the  bolts  would  be  seen  at  once,  but  a  water-tight  joint  is  hard 
to  make.  The  latter  arrangement,  after  much  discussion,  was  adopted, 
and  cup-shaped  washers  let  into  the  wood  were  employed.  A  liberal 
use  of  paint  in  these  cups  will  probably  seal  them  against  percolation 
of  water,  but  their  insertion  in  the  wood  seems  like  an  invitation  for 
rot.  An  important  advantage  in  using  these  cups  is  that  there  are  no 
projecting  nuts  above  the  wood  to  trip  anyone  walking  over  the  track. 
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XXIII. — SrPEBEIiEVATION   ON   CuRVES. 

It  was  decided  not  to  attempt  to  obtain  this  by  elevating  or  de- 
pressing the  longitudinal  girders,  or  by  using  wooden  shims  on  outer 
girders,  but  to  employ  wedge-shaped  ties.  Three  bevels  only  are 
used  on  the  line,  viz.,  1,  2  and  3  ins.  in  5  ft.  Such  bevels,  it  is  true,  will 
not  afford  the  theoretical  superelevation  required  for  the  maximum 
speed  on  sharp  curves;  but  it  was  considered  that  this  maximum 
speed  could  not  be  maintained  on  sharp  curves,  hence  the  compromise 
between  theory  and  practice.  Experience  in  operation  alone  will  tell 
whether  the  decision  of  the  company's  engineers  in  this  matter  is 
correct. 

XXIV. — Best  Styles  of  Stations. 

For  stations  on  the  company's  private  property  it  was  decided  to 
adopt  a  single  brick  house  to  accommodate  the  entering  passengers  for 
all  four  tracks,  the  exit  passengers  leaving  the  platforms  by  special 
exit  stairways  leading  to  or  near  the  street,  each  of  said  stairways 
being  provided  at  its  foot  with  a  turnstile  prohibiting  entrance  but 
permitting  exit.  This  arrangement  dispenses  with  several  platform 
employees  and  prevents  the  station  house  and  stairways  from  obstruc- 
tion by  passengers  moving  in  opposite  directions. 

At  first  it  was  intended  to  run  the  exit  stairways  at  right  angles  to 
the  line  and  land  on  the  sidewalks  of  the  cross-streets,  as  shown  in 
Fig.  10,  but  it  was  found  afterwards  that  this  method  would  in  some 
cases  involve  the  payment  of  undixly  high  damages  to  property-owners, 
so  it  was  decided  to  confine  these  stairways  entirely  to  the  company's 
property,  as  in  Fig.  11.  From  the  operating  point  of  view  the  first 
design  is  the  better  one  in  that  it  does  not  cut  up  the  already  some- 
what narrow  platforms  with  apertures  for  exit,  as  does  the  design 
adopted.  However,  the  pressure  of  the  financial  dejiartment  was  too 
strong  for  the  engineers;  consequently,  the  proj^osed  change  was 
adopted. 

The  following  extracts  from  the  specifications  for  stations  on  the 
Northwestern  Elevated,  together  with  occasional  reference  to  Figs.  10 
and  11,  will  give  a  fairly  clear  idea  of  what  these  stations  will  be  like 
when  completed. 

"  There  are  two  slightly  different  styles  of  stations  on  the  line, 
viz.:  'Interior   Track   Stations'  and   'Exterior   Track   Stations,'  the 
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former  being  i^laced  at  intervals  of  about  one  mile,  and  the  latter  at  in- 
tervals of  about  a  quarter  of  a  mile. 

"The  essential  points  of  difference  in  the  two  styles  of  stations 
are  in  the  platforms  and  in  the  vestibule  and  stairways  leading 
thereto. 

"In  the  Exterior  Track  Stations  the  platforms  are  outside  of  the 
tracks,  while  in  the  Interior  Track  Stations  they  are  between  the  ex- 
terior tracks  and  those  adjacent  thereto,  the  exterior  tracks  being 
spread  so  as  to  jjass  around  the  platforms. 

"  There  will  be  but  one  house  to  each  station,  passengers  enter- 
ing the  same  from  the  street,  but  not  passing  through  it  when 
leaving  the  line,  as  special  exit  stairways  leading  to  the  street  are 
provided. 

"The  houses  are  to  be  built  as  follows:  The  basement  walls  are  to 
be  composed  of  rubble,  resting  on  dimension  stone  footings;  the  main 
walls  are  to  be  of  common  brick,  faced  with  pressed  brick  and  terra 
cotta  trimmings;  the  roof  is  to  be  a  composition  gravel  roof;  the  floors 
are  to  be  of  white  oak,  resting  on  common  yellow  pine  flooring  over 
yellow  pine  joists;  and  the  finish  is  to  be  of  antique  oak.  The  houses 
are  to  be  lighted  by  both  electricity  and  gas,  and  are  to  be  heated  by 
hot  water. 

"  The  ticket  office  is  located  to  one  side  of  the  rear  vestibule,  which 
latter  leads  to  the  entrance  stairways,  which  in  turn  lead  to  the  plat- 
forms. 

"  These  platforms  are  to  be  constructed  of  transverse  and  longitu- 
dinal timbers  with  a  two-inch  (2")  vertical-grain  yellow  pine  flooring 
on  top.  They  are  to  be  sheltered  by  canopies  of  corrugated  iron  suj)- 
ported  by  steel  frame  construction. 

"  Around  all  stairway  openings,  along  the  outside  of  exterior  plat- 
forms, and  at  ends  of  all  platforms  are  to  be  gas-pipe  hand-railings 
paneled  with  grillework  screens." 


XXV. — Best  Method  of  Heating  Stations. 

After  considerable  deliberation  and  discussion  it  was  decided 
to  heat  all  stations  with  hot  water.  This  is  undoubtedly  the  most 
satisfactory  method  for  houses  on  the  gi'ound;  but  for  the  Loop 
stations  and  those  of  the  Northwestern  which  are  supported  by 
the  metalwork,  the  author  would  have  preferred  heating  by  gas 
so  as  to  avoid  the  carrying  to  and  fro  of  coal  and  ashes,  with  the 
unavoidable  accompanying  dirt  and  trouble.  The  use  of  gas,  though, 
would  have  been  more  expensive  than  that  of  coal. 
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XXVI. — Eelative  Costs  of  Double-Tback  Stetjcture  with  Columns 

IN   THE   StEEET   and   WITH   COLUMNS  JuST   InSIDE   OF   CuRB  LlNES. 

This  question  was  investigated  so  as  to  determine  whether  in  certain 
cases  it  would  be  worth  while  to  strive  for  permission  to  put  the  columns 
in  the  street.  As  will  be  seen  in  the  table  given  under  Section 
XXVIII,  the  cost  of  structure  per  mile  of  double  track  was  estimated 
to  be  $267  760  with  columns  inside  of  curbs,  and  $240  537  for  col- 
umns in  street,  making  a  difference  of  $27  223  per  mile  of  double 
track,  or  a  relative  difference  of  between  11  and  12  per  cent. 

XXVII. — Pressed- Thread  Bolts  versus  Cut-Thread  Bolts. 

As  the  manufacttire  of  pressed-thread  bolts  is  a  patented  process, 
the  author  first  obtained  from  the  patentees  a  guaranteed  pound  price 
for  their  bolts  delivered  f.  o.  b.  cars  Chicago,  at  the  same  time  getting 
corresponding  prices  for  both  upset  and  plain  bolts  with  cut  threads. 
He  then  had  his  metal  inspectors  test  to  destruction  several  specimens 
of  pressed-thread  bolts  so  as  to  determine  their  strength  in  comparison 
with  cut-thread  bolts. 

As  the  difference  in  the  pound  prices  was  small,  and  as  the  strength 
of  the  pressed-thread  bolts  is  fully  50^  greater  than  that  of  the-  cut- 
thread  bolts,  the  comparison  resulted  greatly  in  favor  of  the  former, 
so  they  were  adopted  for  all  the  anchor  bolts  and  track  bolts  on  both 
lines  of  road.  The  author  feels  that  he  cannot  speak  too  highly  of 
these  pressed-thread  bolts,  for  the  results  of  the  tests  were  surpris- 
ing. When  it  is  considered  that  the  cold-pressing  process  reduces 
the  effective  diameter  of  the  soft  steel  rod  at  the  root  of  the  thread, 
and  in  fact  increases  it  but  little  at  the  edges,  it  might  be  imagined 
that  when  the  bolt  is  tested  to  destruction,  it  would  break  in  the 
threaded  jjortion.  Such,  however,  is  not  the  case,  for  all  the  speci- 
mens broke  in  the  body  of  the  rod,  and,  strange  to  say,  the  threads 
were  so  little  injured  that  the  nuts  could  be  turned  readily  over  the 
whole  length  of  same. 

XXVin. — Studies  Involving  a  Number  of  Designs  for  Different 
Styles  of  Structure. 

The  investigations  included  under  this  heading  are  the  most  elabor- 
ate of  all  those  made.      They  involved  careful  designs  and  estimates 
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of  cost  of  the  following  types  of  structure,  all  of  wliich  are  shown  in 
cross-section  in  Figs.  12  to  24  inclusive. 

Design  1.  Four-track  structure  with  longitudinal  bracing,  sup- 
ported by  four  Z-har  columns,  the  cantilevers  and  columns 
being  made  in  one  piece  in  the  shops. 

Design  2.  Similar  to  Design  1,  except  that  the  cross-girders  are 
riveted  to  the  columns  in  the  field,  and  the  brackets  are 
omitted. 

Design  3.  Four-track,  two-column  structure,  with  longitudinal 
bracing. 

Design  4.  Four-track,  four-column  structure,  without  longitud- 
inal bracing. 

Design  5.  Four-track,  two-column  structure,  without  longitud- 
inal bracing. 

Design  6.  Double-track,  two-column  structure,  with  longitud- 
inal bi'acing,  similar  to  Design  1. 

Design  7.  Double-track,  two-column  structure,  with  longitud- 
inal bracing,  similar  to  Design  2. 

Design  8.  Double-track,  two-column  structure,  with  longitud- 
inal bracing,  the  columns  being  spaced  17  ft.  centers 
transversely  to  the  structure. 

Design  9.  Double-track,  two-column  structure,  without  longi- 
tudinal bracing,  similar  in  construction  to  Design  4. 

Design  10.  Four-track,  fotir-column  structure,  without  longi- 
tudinal bracing,  the  columns  being  flared  out  at  the  top 
and  extending  only  to  the  plane  of  the  bottoms  of  stringers, 
and  the  column  section  being  composed  of  two  J5-in.  X* 
beams. 

Design  11.  Four-track,  four-column  structure,  similar  to  Design 
10,  except  that  channels  are  used  instead  of  I-beams  in  the 
columns. 

Design  12.  Double-track,  two-column  structure,  without  longi- 
tudinal bracing,  for  the  alternative  route  along  Fifth  Avenue 
and  Franklin  Street,  the  columns  being  placed  on  the  curbs. 

Design  13.  Double-track,  two-column  structure,  without  longi- 
tudinal bracing,  also  for  the  alternative  route  along  the 
streets,  the  columns  in  this  case  being  placed  in  the  road- 
way. 
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The  following  is  an  almost  verbatim  extract  from  tlie  author's  re- 
port, all  references  to  drawings  being  omitted. 

In  explaining  and  discussing  each  of  these  designs,  the  following 
questions  in  the  order  here  given  will  be  considered:  First,  general 
description;  second,  strength;  third,  rigidity;  fourth,  economy;  fifth, 
aesthetics;  sixth,  uniformity  of  construction;  seventh,  facility  of  manu- 
facture and  erection. 

In  making  these  various  calculations  there  has  been  assumed  a 
typical  block  292  ft.  long,  simjjly  for  j^urposes  of  comparison.  This 
block,  however,  is  of  about  the  average  length  of  the  blocks  through 
which  the  line  will  pass. 


BASE  OF  RAIL 


FlO.  12. 


Design  1,  Fig.  12. 

Design  1  is  a  four-track  structure  which  is  supported  by  four  Z-har 
columns. 

General  Description. — Each  track  is  carried  by  a  column  which  is 
located  directly  beneath  its  central  line.  The  stringers  are  spaced  5 
ft.  apart,  and  are,  therefore,  almost  directly  beneath  the  rails.  They 
are  carried  by  short  cantilevers,  one  on  each  side  of  the  cohimn.  The 
web  of  these  two  cantilevers  and  that  of  the  top  of  the  Z-har  column 
are  all  in  one  piece,  this  web  being  carried  through  the  top  of  the 
column.  The  top  flange  of  the  cantilevers  is  also  continuous  over  the 
top  of  the  column,  and  its  web  is  carried  far  enough  down  the  column 
to  form  a  good  bracket  on  each  side. 
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The  spans  are  all  to  be  40  ft.  in  length,  excepting  those  over  the 
street,  which  are  45  ft.,  and  those  having  longitudinal  bracing,  which 
are  23  ft.  6  ins.  There  will  be  two  such  braced  spans  to  each  292-ft. 
block,  and  a  correspondingly  greater  number  for  blocks  of  greater 
length.  This  longitudinal  bracing  is  designed  to  take  up  the  entire 
horizontal  thrust  due  to  braked  trains  or  to  traction,  the  intermediate 
columns  being  designed  to  carry  only  the  direct  load  and  transverse 
thrust  from  wind  load. 

The  stringers  or  longitudinal  girders  are  plate  girders,  riveted  up 
solidly  to  the  cantilever  brackets,  except  at  the  exjaansion  ends.  The 
expansion  joints  are  spaced  about  150  ft.  apart,  and  will  be  similar  in 
design  to  those  used  on  the  Wabash  Avenue  Extension  of  the  Lake 
Street  Elevated  Railroad.  The  longitudinal  thrust  due  to  expansion 
and  contraction  of  the  stringers  is  carried  to  the  column  in  each  bent 
by  short  struts,  but  the  longitudinal  thrust  due  to  braked  trains  is 
carried  by  the  stringers  directly  to  the  longitudinal  bracing. 

On  curves,  where  permissible,  a  system  of  vertical  sway  bracing  will 
be  used,  and,  where  it  cannot  be  employed,  the  columns  will  be  made 
strong  enough  to  transmit  the  transverse  thrust  to  the  jaedestals. 

These  pedestals  are  to  be  made  of  concrete,  covered  with  granitoid. 

Strength. — Every  portion  of  this  structure  has  been  made  amply 
strong  to  carry  the  greatest  stresses  and  loads  which  can  come  upon  it.  It 
would  be  difficult  to  make  stronger  or  more  efficient  columns  and  can- 
tilevers than  the  ones  used  throughout  this  design;  for  these  columns, 
cantilevers  and  brackets  are  made  in  one  piece  in  the  shops,  and  there 
is  not  a  weak  point  in  them. 

The  bracing  towers,  if  they  may  be  so  termed,  are  well  braced,  both 
longitudinally  and  transversely  in  vertical  planes,  and  horizontally  at 
the  top,  and  take  care  most  eflfectively  of  the  total  longitudinal  thrust. 

Rigidity. — The  stringers  are  thoroughly  braced  together  so  as  to 
prevent  as  much  as  possible  all  transverse  vibration,  and  this  bracing, 
together  with  the  longitudinal  sway  bracing  in  the  towers,  prevents 
any  undue  longitudinal  vibration.  As  the  columns  are  placed  directly 
beneath  the  centers  of  the  tracks,  there  is  no  possibility  of  unequal 
deflection  in  the  transverse  girders  and  cantilevers,  such  as  might 
occur  if  the  columns  were  not  so  j^laced.  All  columns  are  anchored 
to  the  pedestals  by  long  anchor  bolts  which  extend  well  into  the  con- 
crete and  make  the  column  and  pedestal  act  as  one  piece.  Upon 
the  whole  this  design  is  so  constructed  as  to  make  it  as  rigid  a  structure 
as  can  be  obtained. 

Economy. — While  this  structure  has  been  made  thoroughly  first 
class  in  every  respect,  no  material  has  been  wasted  in  so  doing.  The 
spans  have  been  made  of  the  most  economical  lengths;  the  spacing  of 
columns  transversely  to  the  structure,  the  sections  of  columns  used, 
the  style  of  cantilever  and  the  stringer  bracing  are  all  examples  of  true 
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economy  of  design,  but  probably  the  feature  that  saves  more  metal 
than  any  other  is  the  use  of  longitudinal  sway  bracing  in  the  towers, 
as  will  be  seen  by  comparing  the  weights  of  Designs  4,  10  and  11,  and 
the  one  now  under  consideration.  This  comparison  shows  that  from 
140  lbs.  to  165  lbs.  of  metal  per  lineal  foot  of  structure  have  been  saved 
in  Design  1,  or  from  $8  000  to  $11  000  per  mile  of  same,  and  at  the 
same  time  a  more  rigid  and  stronger  structure  has  been  evolved  than 
that  illustrated  in  any  of  the  other  four-track  designs. 

From  an  economic  point  of  view,  only  one  of  the  designs,  viz.. 
Design  3,  offers  any  advantage  over  Design  1,  but  there  are  other  con- 
siderations which  offset  this  apparent  economy  in  Design  3. 


Fig.  13. 


Esthetics. — This  structure  is  light  and  airy,  and  upon  the  whole 
presents  a  very  neat  appearance;  more  so,  perhaps,  than  any  one  of 
the  other  designs. 

Uniformity  of  Construction. — The  style  of  construction  will  be  the 
same  throughout,  with  only  very  slight  alterations  at  stations  and  on 
curves,  the  double-track  structure  included.  This  will  not  be  true 
of  several  of  the  other  designs. 

Facility  of  Mamfacture  and  Erection. — The  style  of  column  used 
makes  it  practicable  to  do  nearly  all  of  the  riveting  in  the  shops,  the 
cantilevers  and  brackets,  as  before  stated,  forming  a  part  of  the 
column.  As  the  cross-girders  have  no  direct  load  to  carry  whatso- 
ever, they  are  made  very  light,  and  are  to  be  connected  to  the  canti- 
levers in  the  field,  the  rivets  necessary  to  make  this  connection,  to- 
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gether  with  those  connecting  the  stringers  to  cantilevers  and  sway 
bracing,  being  the  only  field  rivets  required. 

The  work  is  all  i:)lain  and  straight,  excepting  the  curved  brackets. 
All  jaarts  are  made  of  as  few  pieces  as  jjossible,  and  there  are  no  large 
or  unwieldly  members  to  handle. 

This  design  will  be  easier  to  manufactiire  and  erect  than  any  one 
of  the  other  desiarns  now  under  consideration. 


Design  2,  Fig.  13. 

This  is  similar  to  Design  1. 

Streng/h. — As  far  as  the  strength  of  the  various  parts  of  the  struct- 
ure is  concerned,  this  design  is  almost  the  same  as  Design  1.  The 
same  sections  are  used  in  the  stringers,  columns,  cross-girders  and 
transverse  and  longitudinal  bracing. 

Rigidity. — This  design  will  not  be  quite  so  rigid  as  Design  1,  as 
there  are  no  brackets  beneath  the  cross-girders,  and  the  method  of 
connecting  the  cantilevers  and  cross-girders  to  the  columns  is  not  so 
good,  for  in  Design  1  the  cantilevers  and  columns  are  all  made  in  one 
jiiece;  otherwise,  the  two  designs  are  identical. 

Economy. — The  cost  of  Design  2  is  the  same  as  that  of  Design  1, 
viz.,  ^65  10  per  lineal  foot  (average),  including  curves. 

^Esthetics. — Owing  to  the  omission  of  the  brackets,  this  design  does 
not  appear  so  well  as  does  Design  1. 

Uniformity  of  Construction. — What  was  said  of  Design  1  applies  to 
Design  2  as  well. 

Facility  of  Manufacture  and  Erection. — In  this  case  the  cantilevers 
and  cross-girders  are  riveted  up  to  the  columns  in  the  field;  this 
necessitates  driving  more  rivets  in  the  field  than  in  case  of  Design  1, 
but  all  the  work  is  plain  and  straight,  and  will  be  easy  to  manufacture 
and  erect.  Taking  it  as  a  whole,  this  design  is  not  quite  so  satisfac- 
tory as  Design  1,  and  it  costs  quite  as  much  money. 


Design  3,  Fig.  14. 

Strength. — Design  3,  as  well  as  all  the  others,  has  been  made  good 
and  strong  in  all  its  details. 

Rigidity. — This  design  is  a  two-column,  four-track  structure,  with 
the  two  outer  tracks  cantilevered  out  beyond  the  columns,  which  are 
spaced  24  ft.  centers  in  planes  transverse  to  the  structure.  "While  the 
structure  has  been  designed  to  be  as  rigid  as  is  possible  with  this 
style  of  construction,  the  unequal  distribution  of  load  and  the  lengths 
of  cantilever  and  girder  necessary  do  not  insure, the  rigidity  which  is 
obtained  in  Designs  1  and  2. 
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Laterally,  the  structure  is  well  braced;  and,  longitudinally,  the 
braced  towers  are  used,  as  in  the  i^receding  designs. 

Economy. — This  design  is  a  trifle  cheaper  than  Designs  1  and  2,  on 
accoimt  of  the  saving  in  pedestals,  the  metalwork  costing  considerably 
more,  though,  than  in  those  designs. 

Cost  of  Design  1 $65  10 

Cost  of  Design  3 64  60 

Difference $0  50,  or  $2  640  per  mile. 

Esthetics. — This  structure  is  by  no  means  a  good-looking  one. 
Uniformity  of  Construction. — In  this  design  in  changing  from  four- 
track  to  double-track  structure,  it  will  be  necessary  to  change  en- 
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DESIGN  No.  3 


tirely  the  style  of  construction,  which  is  not  the  case  in  Designs 
1  and  2. 

Facility  of  Manufacture  and  Erection. — In  this  design  all  cross-gird- 
ers and  cantilevers  must  be  riveted  to  the  columns  in  the  field,  and, 
owing  to  the  great  dejith  of  these  girders,  this  will  make  this  structure 
difficult  to  erect.  The  girders  are  all  heavy  and  unwieldy,  much  more 
so  than  in  the  four-column  structures.  The  work  in  the  shops  will  be 
easy. 

While  the  structure  is,  perhaps,  apparently  a  little  more  econom- 
ical than  Design  1,  it  has  the  disadvantages  of  being  unsightly,  of 
lacking  rigidity,  and  of  being  difficult  to  erect. 
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Design  4,  Fig.   15. 

General  Description. — Design  4  differs  from  Designs  1,  2  and  3  in  the 
fact  that  no  longitudinal  sway  bracing  is  used,  but  each  column  is 
made  strong  enough  to  take  uj)  the  longitudinal  thrust  coming  ujion 
it.     The  sjians  through  the  blocks  are  about  50  ft.  long. 

This  is  a  four-column,  four-track  structure,  each  column  being 
fixed  at  top  and  bottom  in  planes  transverse  and  jsarallel  to  the 
structure.  The  columns  are  anchored  to  the  pedestals  by  four  anchor 
bolts  instead  of  two,  as  in  the  preceding  designs. 

Rigidity. — As  the  only  longitudinal  rigidity  obtained  is  solely 
through  the  efficiency  of  the  columns  to  resist  bending,  it  is  evident  that 
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this  design  will  not  be  as  rigid  in  this  direction  as  Designs  1,  2  and  3. 
There  are  no  brackets  transverse  to  the  structure;  hence,  it  will  not  be 
as  rigid  laterally  as  Design  1.  The  stringers  are  well  braced  to- 
gether and  to  the  columns.  On  curves,  transverse  sway  bracing  will 
be  used  where  permissible,  and  where  it  is  not,  the  columns  will  be 
strengthened,  so  as  to  take  care  of  the  centrifugal  load. 

Economy. — This  is  the  most  expensive  design  yet  considered, 
the  average  cost  per  lineal  foot  being  $66  65  instead  of  $65  10  for 
Design  1. 

jEsthetics. — Design  4  has  nothing  to  commend  it  from  an  aesthetic 
point  of  view. 
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Uniformilif  of  Conalruction — Like  Designs  1  and  2,  this  design  has 
the  advantage  of  being  adapted  to  both  double  and  four-track  struct- 
ures. 

Facility  of  Manufaclure  and  Erection. — This  design  would  be  easier 
to  erect  than  Design  3,  but  not  so  easy  as  Design  1.  The  shopwork 
would  be  somewhat  difficult. 

Design  5,  Fig.  16. 

General Desci-iption. — This  is  a  two-column,  four-track  structure, 
and,  like  Design  4,  has  no  longitudinal  sway  bracing.  The  columns 
are  built  up  of  plates  and  angles,  and  are  designed  to  carry  the  longi- 
tudinal and  transverse  thrusts  due  to  braked  trains  and  to  wind  load. 
The  spans  are  of  the  same  lengths  as  in  Design  4. 


i-A-c 


Fig.  IC. 

Eigii lit t/.— The  remarks  made  under  this  head  for  Design  3  apply  to 
Design  5  as  well ;  but,  in  addition  to  the  defects  of  the  former,  Design 
5  lacks  the  longitudinal  sway  bracing,  and  so  will  not  be  as  rigid  as 
Design  3. 

Economy. — Design  5  is  the  most  expensive  design  on  the  list,  the 
cost  per  lineal  foot  being  867  60. 

Esthetics. — Like  Design  4  it  has  no  commendable  features  in  this 
respect. 

Uniformity  of  Construction. — Like  Design  3  this  style  of  structure 
could  only  be  made  to  apjjly  to  the  four-track  railway. 
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Facility  of  Manufacture  and  Erection. — The  style  of  columns  used 
■would  be  somewhat  difficult  to  manufacture,  and  the  great  amount  of 
field  riveting  would  make  the  erection  expensive. 

From  the  foregoing  facts  it  Avill  be  seen  that  this  design  has  several 
disadvantages  and  is  also  very  expensive,  although  it  has  some  good 
features. 

Design  6,  Fig.  17. 

General  Description. — Design  6  is  similar  to  Design  1,  but  is  a 
double-track  structure.  The  remarks  under  Design  1  in  relation  to 
rigidity,  {esthetics,  and  facility  of  manufacture  and  erection  api^ly  to 
this  case  also. 


Fig.  17. 


Fig.  18. 


Economy. — The  cost  per  lineal  foot  is  .$32  65. 

Uniformity  of  Construction. — By  using  this  design  for  double-track 
structure  and  Design  1  for  the  four-track  structure,  the  design  will  be 
the  same  for  columns,  stringers,  bracing  towers,  exjoansion  ends,  etc., 
throughout  the  whole  line.  If  at  any  time  it  be  considered  necessary 
to  convert  double-track  structure  into  a  four-track  structure,  it  can 
be  done  by  simply  adding  a  column  at  each  side  of  the  double-track 
structure,  and  putting  in  the  additional  stringers,  cross -girders,  and 
sway  bracing. 

Design  7,  Fig.   18. 

Design  7  bears  the  same  relation  to  Design  2  that  Design  6  bears 
to  Design  1.     The  cost  per  lineal  foot  will  be  $32  65. 
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Design  8,  Fig.  19. 

General  Description — In  this  design,  wMcli  is  for  double  track,  the 
columns  are  made  of  four  Z-bars,  as  in  Designs  1,  2,  3  and  6,  but  in- 
stead of  the  columns  being  directly  beneath  the  center  of  the  tracks, 
they  are  placed  beneath  the  outer  stringers,  thus  making  the  spacing 
17  ft.  centers,  transverse  to  the  structure. 

Strength. — The  end  webs  in  the  cross-girders  extend  through  the 
columns,  forming  the  webs  of  the  latter  at  the  top,  and  pass  down  far 
enough  to  form  good  brackets,  thus  making  the  column,  end  of  cross- 
girder,  and  brackets  all  in  one  piece,  which  is  riveted  up  solidly  in  the 
shop.     This  makes  a  very  strong  connection. 

Longitudinal  bracing  towers  are  used  as  in  Designs  1,  2,  3,  6  and  7. 

Rigidity. — This  design  is  thoroughly  braced  in  all  directions,  and 
will  be  very  rigid;  but  as  the  columns  are  attached  to  the  outer  string- 


FiG.  19.  Fig.  20. 

ers,  and  as  the  inner  stringers  are  supported  by  the  cross-girders,  it  is 
probable  that  there  will  be  some  unequal  deflection  in  the  stringers; 
otherwise  this  design  will  be  as  rigid  as  Design  6. 

Economy. — This  is  the  cheapest  design  on  the  list  for  a  double-track 
structure,  the  average  cost  per  lineal  foot  being  ^32  30,  while  Designs 
6  and  7  each  cost  $32  65.  This  shows  a  saving  of  35  cents  per  lineal 
foot,  or  $1  850  (nearly)  per  mile  of  double  track. 

uEsihetics. — The  cross-section  of  this  design  is  probably  the  most 
aesthetic  of  any  of  the  designs,  and  the  side  elevation  at  street  cross- 
ings can  be  improved  by  putting  in  longitudinal  brackets  beneath  the 
outer  stringers. 

Uniformity  of  Construction. — This  design  necessitates  considerable 
change  in  the  style  of  construction  from  that  used  in  the  four-track 
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structure,  and  it  would  be  difficult  ever  to  convert  the  double-track 
structure  into  a  four-track  structure  in  case  it  should  be  considered 
advisable  to  do  so  at  some  future  time. 

Facility  of  Mamifacture  and  Erection. — The  style  of  columns  and 
cross-girders  used  dispenses  with  nearly  all  of  the  field  riveting,  and 
will  make  this  a  very  easy  structure  to  erect.  In  the  shoj)  the  work 
will  also  be  very  easy.  The  lateral  system  on  curves  and  the  stringer 
bracing  used  throughout  the  structure  will  be  easier  to  connect  to  the 
columns  and  stringers  in  this  design  than  in  any  of  the  other  double- 
track  structures  now  under  consideration. 

With  the  exception  of  the  lack  of  uniformity  in  construction  this 
design  probably  offers  more  advantages  than  any  other  for  the  double- 
track  structure. 


Design  9,  Fig.  20. 
Design  9  is  a  double-track  structure  similar  in  construction  to 
Design  4,  and  the  remarks  made  under  the  latter  in  relation  to  strength, 
rigidity,  economy,  aesthetics,  uniformity  of  construction  and  facility  of 
manufacture  and  erection  apply  to  this  case  also.  The  cost  per  lineal 
foot  is  S33  31. 

Design  10,  Fig.  21. 

Design  10  is  different  from  any  of  the  designs  yet  considered,  for 
in  all  these  the  columns  are  carried  up  to  the  tops  of  the  cross-girders, 
while  in  this  the  column  is  carried  up  only  to  the  plane  of  the  bottom 
of  the  stringers,  the  top  of  the  column  being  flared  out  wide  enough 
to  receive  the  two  track  stringers,  which  are  spaced  5  ft.  centers.     No 
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longitudinal  bracing  is  used,  so  each,  column  is  figured  to  take  up  in 
bending  its  share  of  the  longitudinal  thrust. 

The  columns  are  made  of  two  I-beams,  well  laced  from  the  bottom 
up  to  the  point  where  the  flaring  begins,  and  from  this  point  to  the 
top  a  large  i^late  is  riveted  on  each  of  the  transverse  faces  of  the 
column.  This  design  is  somewhat  similar  to  the  design  used  on  the 
Metropolitan  Elevated  Railway  of  Chicago. 

Strength. — Design  10  has  been  made  amply  strong  in  all  of  its 
parts. 

Rigiditi/. — As  the  columns  are  placed  directly  beneath  the  center 
line  of  the  tracks  as  in  Designs  1,  2,  4,  6,  7  and  9,  there  will  be  but 
little  vibration  or  deflection  so  far  as  the  vertical  loads  are  concerned, 
but,  as  the  columns  are  not  carried  up  to  the  tops  of  the  stringers  and 
cross-girders,  it  is  impracticable  to  make  the  structure  rigid  against 
the  longitudinal  thrust  due  to  braked  trains.  Longitudinal  brackets 
have  been  used  to  fix  the  ui3per  ends  of  the  columns;  but  as  each  of 
these  brackets  has  to  take  hold  at  the  center  of  a  small  I-beam  5  ft. 
long,  it  is  evident  that  the  only  rigidity  that  can  be  procured  in  this 
way  is  dependent  upon  the  efficiency  of  this  I-beam  to  resist  bend- 
ing, and  a  very  small  deflection  in  the  I-beam  will  permit  of  consider- 
able deflection  in  the  column.  With  this  bracket  and  connection,  it  is 
not  legitimate  to  call  the  column  fixed  at  the  top.  The  stringers  are 
well  braced  together,  and  the  structure  would  be  very  rigid  laterally, 
both  on  tangents  and  on  curves. 

Economy. — This  design  will  cost  $67  22  per  lineal  foot,  while  De- 
sign 1  costs  but  $65  10;  hence.  Design  1  costs  $2  12  less  per  lineal  foot 
or  about  $11  200  less  per  mile  than  Design  10.  The  pedestals  are  more 
economical  in  Design  10  than  in  Design  1,  owing  to  the  greater  span 
length  used  in  the  former.  The  additional  cost  is  due  to  the  great 
amount  of  metal  required  to  provide  for  the  longitudinal  thrust. 

Esthetics. — Design  10  has  probably  as  much  to  commend  it  from 
an  aesthetic  point  of  view  as  any  of  the  designs  under  consideration. 

Uniformity  of  Construction. — This  design,  like  Designs  1,  2  and  4, 
can  also  be  used  on  the  double-track  structure  without  any  changes  in 
the  columns  or  cross-girders. 

Facility  of  Matiufaclure  and  Erection. — This  design  is  very  easy  to 
erect,  as  there  is  very  little  riveting  to  be  done  in  the  field.  The 
stringers  rest  upon  the  flaring  tops  of  the  columns  and  require  only  a 
few  rivets  to  hold  them  in  place.  There  would  be  about  the  same 
amount  of  field  riveting  to  be  done  in  this  design  as  in  Design  1. 
There  is  considerable  curved  work  in  both  plates  and  angles  in  the 
details  at  tops  of  columns,  which  details  are  rather  complicated; 
hence  the  shop  work  will  be  expensive  and  unsatisfactory. 

From  the  foregoing  facts  it  is  evident  that  Design  10  off'ers  but  few 
advantages  and  is  also  an  uneconomical  structure. 
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Design  11,  Fig.  22. 

Nearly  all  that  has  been  said  in  regard  to  Design  10  apj^lies  also  to 
Design  11,  the  principal  difi'erence  in  the  two  designs  being  in  the  sec- 
tion used  for  the  columns.  In  Design  11  there  are  two  15-in.  channels 
strengthened  by  3^  x  3-in.  23-lb.  angles,  and  near  the  top  the  channels 
are  curved  outward,  so  as  to  provide  bearing  for  the  stringers  or  long- 
itudinal girders.  Exj^erience  shows  that  these  curved  channels  are 
liable  to  crack. 

The  cost  of  Design  11  is  exactly  the  same  as  that  of  Design  10. 
The  same  provisions  are  made  for  longitudinal  thrust,  but  Design  10 
would  be  easier  to  manufacture,  and  would  be  preferable  to  Design 
11. 
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Design  12,  Fig.  23. 

Design  12  is  for  the  alternative  route,  and  is  therefore  to  be  placed 
in  the  sti-eet.  Instead  of  having  the  columns  located  in  the  roadway, 
as  in  the  Wabash  Avenue  Extension  of  the  Lake  Street  Elevated,  they 
will  be  placed  back  of  the  curb  lines  on  the  sidewalks,  and  a  heavy 
cross-girder  will  span  the  roadway  and  support  the  longitudinal  gird- 
ers, which  will  be  spaced,  as  in  all  the  other  designs,  5  ft.  centers, 
with  the  two  tracks  12  ft.  centers.  No  longitudinal  sway  bracing  can 
be  used,  therefore  the  columns  are  figured  to  take  up  the  thrust  by 
bending.  The  column  section  will  consist  of  one  15-in.  I-beam  riveted 
between  two  15-in.  channels  turned  face  to  face. 
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Strength. — This  design  is  made  very  strong,  and  is  thorotiglily 
braced  laterally.  The  columns  are  each  anchored  to  the  pedestals  by 
four  anchor  bolts  which  fix  their  feet,  while  the  tops  are  fixed  by 
heavy  struts  extending  from  the  columns  to  the  stringers. 

Rigidity. — Owing  to  the  great  distance  between  the  columns,  trans- 
verse to  the  structure,  this  design  will  not  be  as  rigid  as  Designs  6 
and  7,  but  every  precaution  has  been  taken  to  avoid  vibration  and 
deflection.  An  eflScient  lateral  system  has  been  provided  throughout, 
on  tangents  as  well  as  on  curves,  and  it  will  be  as  rigid  a  structure  as 
could  be  expected  on  this  plan. 

Economy. — This  cannot  be  called  an  economical  design  when  com- 
l^ared  with  the  lareceding  designs  for  double-track  structures,  as  the 


Fig.  23. 

total  cost  per  lineal  foot  amounts  to  ^42,  while  Design  8  costs  but 
$32  30  per  lineal  foot.  This  excessive  cost  is  due  to  the  spacing  of 
the  columns  and  the  extra  weight  of  cross-girders  occasioned  thereby. 
Facility  of  Manufacture  and  Erection. — This  will  be  a  very  easy  de- 
sign to  manufacture,  as  it  is  all  straight  work  ;  the  erection,  however, 
will  be  much  more  difficult  than  that  of  any  of  the  other  double -track 
structures  under  consideration,  owing  to  the  large  number  of  field 
rivets  to  be  driven  and  the  great  weight  of  the  cross-girders. 

Design  13,  Fig.  24. 

Design  13  is  also  for  the  alternative  route  in  case  a  franchise  can 
be  secured  permitting  the  columns  to  be  placed  in  the  roadway. 
This  design  is  similar  to  the  Wabash  Avenue  Extension  of  the  Lake 
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Street  Elevated,  but  plate  girders  will  be  used  throughout  for  the 
stringers.  The  estimate  for  Design  13  is  based  upon  the  assumption 
that  the  columns  can  be  spaced  17  ft.  centers  on  Franklin  Street  and 
22  ft.  8  ins.  centers  on  the  remainder  of  the  line. 

The  average  cost  of  Design  13  would  be  $36  81  per  lineal  foot,  in- 
volving a  saving  of  $5  19  jjer  lineal  foot  over  Design  12,  or  about 
^27  400  per  mile. 

SUMMAKY   OF   CoST. 


Design. 

Weight  per  lineal 
foot  ou  tan- 
gent. 

Weight  per  lineal 
foot  on  curves. 

Cost  of  line  per 
lineal  foot. 

Cost  of  line  and 

stations  per 

mile. 

1 

1565 

1565 

1590 

1  700 

1  750 

775 

775 

770 

850 

1  7-25 

1  725 

1  142 

916 

1765 

1  765 

1  790 

1920 

1  950 

875 

875 

830 

960 

1950 

1950 

1182 

966 

$65  10 

65  10 
64  60 

66  65 

67  60 
32  65 
32  65 

32  30 

33  31 
67  22 
67  22 
42  00 
36  81 

$383  728 

2 

383  728 

3 

381  088 

4 

391  912 

5  

396  928 

6 

210  000 

7 

210  000 

8 

208  544 

9 

213  876 

10 

394  921 

11 

394  921 

12 

267  760 

13 

240  357 

In  the  preceding  table  there  have  been  assumed  four  stations  to 
the  mile.  In  the  four-track  structure  one  of  these  is  an  interior 
station  and  the  other  three  are  exterior  stations,  while  in  the  double- 
track  structure  all  are,  of  course,  exterior  stations. 

It  is  in  order  now  to  discuss  faulty  details  in  existing  elevated  rail- 
roads. This  will  be  done  without  reference  to  any  road  or  roads  in 
particular,  as  the  sole  object  of  this  discussion  is  to  call  attention  to 
important  defects  in  order  that  they  may  be  avoided  in  future  work. 

1. — Insufficiency  of  Rivets  fok  Connecting  Diagonals  to  Chords 
OF  Open- Webbed,  Riveted  Girders. 

This  defect  is  more  noticeable  in  old  structures  than  in  later  ones, 
especially  as  the  tendency  now-a-days  is  very  properly  to  substitute 
plate-girder  for  open-webbed  construction.  In  many  of  the  older 
elevated  roads  there  is  no  connecting  plate  between  the  diagonal  and 
the  chord,  but  one  flange  of  each  of  the  angles  in  the  diagonal  is 
riveted  directly  to  the  vertical  legs  of  the  chord  angles.  This  detail 
involves  the  use  of  either  two  or  four  rivets  to  the  connection,  which 
is  evidently  very  bad  designing,  as  there  should  be  more  rivets  used, 
even  if  the  diagonal  stresses  do  not  call  for  more  on  purely  theoretical 
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considerations.  Where  the  theoretical  number  of  rivets  is  very  small, 
additional  rivets  should  be  used  for  two  reasons,  viz. :  First,  one  or 
more  of  the  rivets  are  liable  to  be  loose,  and,  second,  there  is  nearly 
always  a  torsional  moment  on  each  group  of  rivets  owing  to  eccentric 
connection. 


Fio.  24. 
2. — FAIIiTJKE   TO    InTEKSECT    DIAGONALS   AND    ChOKDS   OF     OpEN-WeBBED 

Girders  on  Gravity  Lines. 
It  is  very  seldom  indeed  that  the  designer  even  attempts  to  inter- 
sect at  a  single  point  all  of  the  gravity  lines  of  members  assembling  at 
an  apex.  The  failure  to  do  so  involves  large  secondary  stresses,  es- 
pecially in  the  lighter  members.  By  using  connecting  plates,  it  is 
always  practicable  to  obtain  a  proper  intersection;  and  it  is  always 
better  to  do  this  than  to  try  to  compensate  for  the  eccentricity  by  the 
use  of  extra  metal  for  the  main  members. 
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3.  — FaixiURe  to  Connect  Web  Angles  to  Choeds  by  Both  Legs. 

Some  standard  bridge  specifications  stipulate  that  in  case  only  one 
leg  of  an  angle  be  connected,  that  leg  only  shall  be  counted  as  acting, 
although  this  stipulation  is  generally  ignored  by  the  designer  working 
under  such  specifications.  It  is  seldom,  indeed,  that  both  legs  are 
connected.  In  order  to  settle  the  question  of  the  necessity  for  this  re- 
quirement, the  author  has  had  made,  in  connection  with  his  Northwest- 
ern Elevated  work,  a  series  of  tests  to  destruction  of  full-size  members 
of  oi^en- webbed  girders,  attached  in  the  testing  machine  as  nearly  as 
practicable  in  the  same  way  as  they  would  be  attached  in  the  struct- 
ure. It  was  intended  to  settle  by  these  tests  the  following  points  : 
first,  effect  of  connecting  by  one  leg  only  ;  second,  efi'ect  of  eccentric 
connection  ;  and,  third,  the  ultimate  strength  of  star  struts  with  fixed 
ends,  each  of  these  struts  being  formed  of  two  angles.  As  these  tests 
are  not  yet  finished,  their  results  cannot  be  given  here.  The  principal 
deduction  to  be  made  from  the  tests  thus  far  completed  is  that  an 
equal-legged  angle  riveted  by  one  leg  only  will  develop  about  75%"  of 
the  strength  of  the  entire  net  section,  while  a6x3^-in.  angle  riveted 
through  the  longer  leg  will  develop  about  90  per  cent.  It  is  therefore 
more  economical  for  short  diagonals  to  use  unequal-legged  angles  con- 
nected by  the  longer  leg  than  to  employ  supplementary  angles  to  try 
to  develop  the  full  strength  of  the  jiiece.  In  fact,  the  experiments 
made  up  to  date  indicate  that  these  sujiplementary  angles  will  not 
strengthen  the  diagonal  essentially.  However,  further  experiments 
may  show  the  contrary. 

4. — Failure  to   Proportion   Top   Chords   of    Open-Webbed   Longi- 
tudinal Girders  to  Eesist  Bending  from  Wheel  Loads 
IN  Addition  to  Their  Direct  Compressive  Stresses. 

This  neglect  is  common  enough  in  the  older  structures,  and  the 
fault  is  a  serious  one,  although  the  stiffness  of  the  track  rails  and  that 
of  the  ties  tend  to  distribute  the  load  and  thus  reduce  the  bending. 

5. — Insufficient  Bracing  on  Curves. 

Too  often  in  the  older  structures  the  curved  portions  of  the  line  are 
no  better  braced  than  are  the  straight  portions.     A  substantial  system 
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of  lateral  bracing  on  curves  extending  over  the  entire  width  of  the 
structure  and  carried  well  into  the  tops  of  the  columns  adds  greatly  to 
the  rigidity  of  the  structure,  and,  consequently,  to  the  life  of  the  metal- 
work. 

6. — Insufficient  Bracing  between  Adjacent  Longitudinal 

GlEDEES. 

The  function  of  the  bracing  between  longitudinal  girders  is  an  im- 
portant one,  for  it  is  the  first  part  of  the  metalwork  to  resist  the  sway 
of  trains.  Not  only  should  the  top  flanges  of  adjacent  girders  be 
connected  by  rigid  lateral  bracing,  but  the  bottom  flanges  should  be 
stayed  by  occasional  cross-bracing  frames,  one  of  the  latter  being  in- 
variably used  at  each  expansion  end  of  each  track. 

7. — Pin-Connected  Pony  Tbuss  Spans  and  Plate  Girders  with 
Unstitfened  Top  Flanges. 

These  defective  constructions  are  noticeable  in  some  of  the  older 
lines,  but,  fortunately,  not  often  in  the  newer. 

What  the  ultimate  resistance  of  the  pony -truss  structure  is  no  man 
can  tell  without  testing  it  to  destruction;  but  in  the  opinion  of  most 
engineers  it  is  much  less  than  it  is  assumed  to  be  by  those  design- 
ing pony -truss  bridges. 

8. — Excess  of  Expansion  Joints. 
Too  many  expansion  joints  in  an  elevated  railroad  are  nearly  as  bad 
as  too  few.  In  the  former  case  the  metal  is  overstrained  by  the 
vibration  induced  by  the  lack  of  rigidity,  while  in  the  latter  case  it 
is  overstrained  by  extreme  variations  of  temperature.  There  are  ele- 
vated roads  in  existence  with  expansion  joints  at  every  other  bent, 
and  there  is  one  with  them  at  every  bent.  For  long  spans  there  should 
be  expansion  provided  at  every  third  bent,  and  for  short  spans  at 
every  fourth  bent. 

9.  — Eesting  Longitudinal  Girders  on  Top  of  Cross-Girders  Without 
EiVETiNG  Them  Effectively  Thereto. 
This  is  by  no  means  an  uncommon  detail,  especially  in  the  older 
structures.  It  is  conducive  to  vibration,  and  its  only  advantages 
are  ease  of  erection  and  a  cheapening  of  the  work  by  avoiding  field 
riveting. 
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10. — Ckoss-Girdeks  Subjected  to   HoRizoNTAii   Bending   by   Thrust 

OF  Trains. 

The  resistance  that  can  be  offered  by  a  cross-girder  to  horizontal 
bending  is  very  small;  nevertheless,  cross-girders  are  rarely  protected 
from  the  bending  effects  of  thriists  of  trains.  What  saves  these  cross- 
gii'ders  from  failure  is  the  fact  that  continuity  of  the  track  tends  to 
distribute  the  thrust  over  a  number  of  bents.  Nevertheless,  it  is  not 
legitimate  to  dejiend  on  this  fact,  for,  especially  on  sharp  curves,  the 
tendency  is  to  carry  the  thrust  into  the  ground  as  directly  as  possible. 
In  the  author's  opinion  the  only  proper  way  to  provide  for  this 
thrust  is  to  assume  that  20%  of  the  greatest  live  load  between  two 
adjacent  exjiansion  points  will  act  as  a  horizontal  thrust  upon  the 
columns  between  these  two  expansion  jjoints;  and  all  parts  of  the 
metalwork  should  be  proportioned  to  resist  this  thrust  properly. 

By  running  a  strut  from  the  top  of  each  post  diagonally  to  the 
longitudinal  girder  at  a  panel  point  of  its  sway  bracing,  the  horizontal 
thrust  is  carried  directly  to  the  j)ost,  and  a  horizontal  bending  moment 
on  the  cross-girder  is  thus  prevented.  Such  construction  should  in- 
variably be  used  where  the  conditions  require  it. 

11. — Cutting  Off  Columns  Below  the  Bottom  of  Cross-Girders 
AND  Besting  the  Latter  Thereon. 

This  style  of  construction,  which  uptil  lately  was  almost  universal, 
is  extremely  faulty  in  that  there  is  no  rigidity  in  the  connection,  and 
the  column  is  thus  made  more  or  less  free-ended  at  the  top. 

It  has  been  said  that  no  harm  is  done  to  the  column  by  making  it 
free-ended,  as  it  can  then  spring  better  when  the  thrust  is  aisplied. 
Unfortunately  this  reasoning  is  fallacious,  because  the  few  unfortunate 
rivets  which  connect  the  bottom  of  the  cross-girder  to  the  top  of  the 
column  tend  to  produce  a  fixed  end,  and  are,  in  consequence,  racked  ex- 
cessively by  the  thrust  of  the  train.  In  all  cases  the  column  should 
extend  to  the  top  of  the  cross-girder  and  should  be  riveted  to  it  jn  the 
most  effective  manner  practicable. 

12. — Paltry  Brackets  Connecting  Cross-Girders  to  Columns. 
Brackets  are  often  seen  composed  of  a  couple  of  little  angles  and  at- 
tached at  their  ends  by  two  or  three  rivets.     Such  brackets  are  merely 
an  aggravation,  and  are  sure  to  work  loose  sooner  or  later.     Although 
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it  is  impracticable  to  compute  the  stresses  in  this  detail,  nevertheless, 
good  judgment  Avill  dictate  the  use  of  solid  webbed  brackets  riveted 
rigidly  to  both  cross-girder  and  column  so  as  to  stiffen  the  latter  and 
check  the  transverse  vibration  from  passing  trains. 

13. — Proportioning  Columns  for  Direct  Live  and  Dead  Loads  akd 

Ignoring  Jhe  Effects  of  Bending  Caused  by  Thrust  of 

Trains  and  Lateral  Vibration. 

The  practical  effects  of  this  fault  can  be  seen  to  best  advantage  by 
standing  on  one  of  the  high  platforms  of  one  of  the  elevated  railroads 
in  New  York  City.  The  vibration,  by  no  means  small,  from  an  ap- 
proaching train  can  be  felt  when  it  is  yet  at  a  great  distance.  Some  may 
claim  that  this  vibration  is  not  injurious;  but  they  are  certainly  wrong, 
for  what  does  it  matter  so  far  as  the  stress  in  the  column  is  concerned 
whether  the  deflection  be  caused  by  vibration  or  by  a  statically  applied 
transverse  load,  so  long  as  the  amount  of  the  deflection  is  the  same  in 
both  cases.  It  takes  metal,  and  considerable  of  it,  to  make  columns 
strong  enough  to  resist  bending  properly,  and  a  sufficient  amount 
should  be  used  to  attain  this  end. 

14. — Omission  of  Diaphragm  Webs  in   Columns  Subjected  to 

Bending. 

If  the  diaphragm  web  be  omitted  in  such  a  column,  reliance  must 
be  placed  on  the  lacing  to  carry  the  horizontal  thrust  from  top  to 
bottom.  But  even  if  the  lacing  figure  strong  enough  to  carry  it, 
which  is  unusual,  it  is  wrong  to  assume  it  so,  for  the  reason  that  one 
loose  rivet  connecting  the  lacing  bars  will  prevent  the  whole  system 
from  acting,  as  will  also  a  lacing  bar  that  is  bent  out  of  line.  Decidedly 
every  column  that  acts  as  a  beam  also  should  have  solid  webs  at  right, 
angles  to  each  other. 

15. — Ineffective  Anchorages. 

On  account  of  both  rigidity  and  strength  every  column  ought  to  be 
anchored  so  firmly  to  the  pedestal  that  failure  by  overturning  or  rup- 
ture would  not  occur  in  the  neighborhood  of  the  foot,  if  the  bent  were 
tested  to  destruction.  The  flimsiness  of  the  ordinary  column-foot  con- 
nection is  beyond  description. 
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Fig.  25. 
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Fig.  26. 
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16. — OoiiUMN  Feet  Sdkrounded  by  and  Fllled  with  Dirt  and 

Moisture. 

The  condition  of  the  average  column  foot  is  simply  deplorable. 
This  is  caused  by  failing  to  raise  it  so  high  above  the  street  as  to  pre- 
vent dirt  from  piling  around  it,  and  by  omitting  to  fill  its  boxed  spaces 
with  concrete.  When  rusting  at  a  column  foot  is  once  well  started,  it 
is  almost  impossible  to  stop  it  from  eating  up  the  metal  rapidly. 

17. — Insufficient  Bases  for  Pedestals. 
False  ideas  of  economy  on  the  part  of  jDrojectors  and  indifference 
on  the  part  of  some  unscrupulous  contractors  occasionally  cause  the 
use  of  jiedestal  bases  altogether  too  small  for  the  loads  that  come 
upon  them,  especially  where  the  bearing  capacity  of  the  soil  is  low. 
The  result  is  sunken  pedestals  and  cracked  metalwork.  In  figuring 
the  pressure  on  the  base  of  the  pedestals  it  is  not  sufficient  to  recog- 
nize only  the  direct  live  and  dead  loads,  but  it  is  necessary  also  to 
compute  the  additional  unequal  intensities  of  loading  caused  by  both 
longitudinal  and  transverse  thrusts. 

-^Esthetics. 

In  relation  to  aesthetics  in  the  designing  and  construction  of  elevated 
raih'oads  something  may  be  said,  although  but  little  has  been  done. 
The  extra  cost  of  decorating  an  elevated  structure  is  certainly  consid- 
erable, and  on  this  account  projectors  are  chary  of  attempting  to  do 
more  than  make  the  work  strong  and  durable,  preferring  to  let  the  ap- 
pearance take  care  of  itself.  Notwithstanding  this,  the  careful  designer 
can  generally  manage  to  make  his  construction  more  or  less  sightly 
without  adding  materially  to  the  expense.  This  the  author  attempted 
to  do  in  both  the  Northwestern  and  the  Loop.  It  is  for  others  to  say 
whether  he  has  succeeded  or  not.  At  the  Diversey  Street  and  Sheridan 
Koad  crossings  of  the  Northwestern  Elevated  some  extra  ornamentation 
was  compulsory,  so  it  was  put  in  at  increased  expense;  but  elsewhere 
no  extra  money  was  expended  on  appearance. 

Some  time  before  the  Northwestern  Elevated  was  contemi^lated,  and 
while  several  parties  were  trying  to  obtain  concessions  for  a  down-town 
loop,  the  author  made  a  special  study  of  an  aesthetic  type  of  structure 
for  this  locality,  in  which  the  consideration  of  expense  cut  no  figure. 
The  result  of  his  studies  is  shown  in  Figs.  25  to  29,  inclusive.  Fig.  25 
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being  a  cross-section  of  such  a  structure,  Fig.  26  a  jjlan  and  elevation 
of  a  single-track  railroad,  Fig.  27  a  side  elevation  showing  some  of 
the  details  of  construction,  Fig.  28  a  cross-section  of  a  street  with  a 


road  of  this  type,  and  Fig.  29  a  cross-section  of  the  same  road  with 
a  double-track  elevated  railroad.  These  designs  involved  not  only 
appearance,  but  comparatively  noiseless  operation  and  freedom  from 
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dripping  of  water  on  the  jjeople  beneatli  the  structure.  Although  no 
line  was  built  according  to  these  drawings,  they  have,  notwithstand- 
ing, proved  of  practical  utility  in  several  ways  ;  and  the  author  now 


Fig.  29. 


offers  them  to  the  engineering  profession  as  his  idea  of  what  an  elevated 
railroad  for  a  large  city  should  be  where  expense  is  no  object  and 
where  appearance  is  the  great  desideratum. 
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DISCUSSION. 


O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — Elevated  railways  are  continn-  Mr.  Nichols, 
ous  bridges  on  which  the  loads  are  lighter  l)ut  more  frequently  applied 
than  on  ordinary  bridges.  No  special  inspiration  is  required  for  their 
design.  If  they  are  built  strong  enough;  if,  since  they  cannot  be  made 
beautiful,  it  is  possible  to  avoid  making  them  ugly;  if  they  are  built 
to  suit  i3ublic  convenience  and  at  relatively  low  cost — then  about  all 
has  been  accomplished  that  lies  in  the  mind  of  man  to  do  for  the  or- 
dinai-y  elevated  railways. 

It  seems  that  much  of  the  structure  treated  of  in  the  paper  is  for 
four-track  service  and  some  of  it  on  private  property.  The  four-track 
system,  like  the  loop  system,  is  theoretically  perfect,  and  yet  seldom 
used  in  joractice.  New  ^ork  City  is  probably  the  only  place  in  which 
a  four-track  elevated  railway  would  be  bound  to  be  successful,  and 
where  four  columns  iinder  four  tracks  would  be  necessary.  Designs 
3,  6,  7,  8,  9  and  13  are  all  quite  familiar  as  having  been  considered,  in 
their  essential  features,  in  the  studies  made  for  the  Suburban  Rapid 
Transit  Company  of  New  York  City  in  1886-87. 

For  a  railway  on  private  property  and  where  the  space  under  the 
rails  cannot  be  utilized  for  business  purposes,  as  in  cities  like  Chicago 
and  New  York,  it  seems  the  better  way  to  build  a  viaduct;  to  surround 
the  i^lot  with  a  retaining  wall  of  concrete  and  fill  in  with  dirt ;  then 
place  girders  over  the  cross  streets  and  lay  the  rails.  An  estimate 
made  in  1888  showed  that  such  a  railway  could  be  built  cheaper  than 
the  structures  considered  in  the  paper. 

There  have  been  a  number  of  types  of  foundation  for  elevated 
railways.  In  no  place  has  the  peculiar  aversion  to  concrete  been 
more  notable,  and  in  few  instances  has  its  use  been  more  satisfactory. 
The  several  types  of  foundation  used  on  the  Brooklyn  Elevated  Railroad 
are  shown  in  Fig.  30.  The  reduction  in  cost,  corresjjonding  with  the 
changes  in  form  and  material,  has  been  notable,  passing  from  $190 
each  in  1885  to  less  than  $90  in  1893.  It  will  be  seen  that  the  type  D, 
adopted  early  in  1892,  is  the  one  copied  in  the  studies  now  under  dis- 
cussion. The  author  has,  however,  missed  the  true  spirit  of  the  de- 
sign, and,  misled  by  his  column  theory,  has  misused  this  really 
serviceable  and  economical  foundation. 

In  securing  the  column  to  the  foundation  the  author  repeats,  he 
says,  the  fastening  he  used  in  Sioux  City  in  1891;  he  certainly  dupli- 
cates the  fastening  designed  for  the  Union  Depot  shed  in  St.  Louis. 

If  one  were  anchoring  to  solid  rock  or  to  massive  foundations  and 
resisting  much  greater  stresses,  these  lugs  might  be  necessary,  but 
when,  as  in  the  sketches,  40  000  lbs.  of  tensile  strength  in  anchor  bolts 
is  opposed  to  13  000  lbs.  of  concrete,  and  the  bolts  are  doubled  for 
assumed  extra  stress,  while  the  concrete  mass  remains  the  same,  the 
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Mr.  Nichols,  lugs  liave  a  questionable  value.  This  fastening  keeps  the  bolts  too 
near  the  center  of  the  foundation,  makes  the  resistance  to  rocking 
depend  too  much  on  the  stress  in  the  bolts,  and  is  needlessly  awkward 
and  expensive. 

A  striking  feature  of  the  designs  in  the  paper  is  the  distribution  of 
material  in  the  columns  themselves,  in  their  connections  and  in  the 
lateral  bracing,  and  in  the  comj^lex  machinations  necessary  to  en- 
deavor to  utilize  this  material.  Indeed  a  series  of  troubles  arises  from 
the  opinion  that  "  20%  ot  the  greatest  live  load  between  two  expan- 
sion points  will  act  as  a  horizontal  thrust  upon  the  columns  between 
these  exjiansion  points."  This  is  pure  fiction;  it  is  not  even  empirical. 
There  is  nothing  to  justify  it.  Even  the  emergency  stops  in  the  air- 
brake tests  do  not  give  much  more  than  10%"  of  retardation,  measured 
at  the  rails.  If  the  trains  were  skidded  without  wheels,  the  retardation 
would  hardly  reach  the  figure  named.  The  dynamometer  rarely  shows 
more  than  4  000  lbs.  as  the  pull  necessary  to  start  an  elevated  train, 
and  little,  if  any  more,  is  needed  to  stop  it.  Then  this  thrust  is  not 
concentrated  or  limited  in  its  action  to  a  few  feet  of  structure;  it  is 
spread  through  the  rails  and  track  system  and  structure  generally  to 
the  next  curve.  The  actions  of  the  several  trains  counteract  each 
other  to  a  certain  extent,  and  the  net  effect  may  possibly  correspond 
to  a  pull  or  thrust  at  the  rails  equal  to  3%  of  the  total  moving  load 
on  a  half  mile  of  structure  and  would  be  distributed  over  about  a 
hundred  columns. 

There  is  a  phenomenal  continuity  in  these  structures.  It  is  impossi- 
ble to  close  up  an  expansion  joint  except  by  expansion,  which  never 
amounts  to  as  much  as  the  ordinary  theoretical  requirements,  because 
pro^'ision  is  made  for  excessive  ranges  of  temperature.  Owing  to 
the  continuity  of  the  structure  there  is,  in  practice,  very  little  lateral 
stress  on  the  cross-girders,  even  in  extreme  cases  and  on  curves.  The 
older  builders  fixed  the  base  of  the  column,  and  left  the  top  free  to 
vibrate;  the  more  recent  structures  have  the  base  of  the  column  held 
and  the  top  firmly  fixed  to  the  transverse  girder;  as  a  consequence,  the 
stiff'ness  of  the  column  is  brought  fully  into  action  and  is  then  gener- 
ally sufficient  to  resist  the  slight  tendency  to  vibration.  The  recent 
structures  do  not  vibrate,  and  have  been  likened  to  a  common  table, 
in  which  the  legs  are  securely  fastened  to  the  top. 

The  entire  effect  of  the  extension  of  the  lateral  system  beyond  the 
longitudinal  girders  is  to  fix  the  columns  partially  at  the  top.  Unfor- 
tunately the  sketches  do  not  give  a  clear  idea  of  the  details  of  con- 
struction; it  would  seem,  however,  as  if  none  of  the  connections  of  the 
columns  to  the  girders  are  either  very  simple  or  thoroughly  effective. 

No  one  has  ever  made  a  very  satisfactory  column  from  I-beams. 
The  Z-bar  is  somewhat  better  for  column  construction,  but  both 
sections  are  unsatisfactory  when  it  comes  to  connections  with  girders 
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Mr.  Nichols,  or  with  cohiiim  feet.  The  author's  condemnation  of  the  straight 
brace  and  his  unqualified  approval  of  the  curved  bracket  are  somewhat 
irrational  and  will  not  be  generally  approved.  The  curved  bracket  is 
unsatisfactoi-y,  because  it  iirofesses  so  much  and  accomplishes  so 
little  ;  it  is  ugly,  and,  unless  very  heavy,  it  is  ineffective. 

Far  too  much  stress  is  laid  on  the  necessity  for  a  web  plate  in  a 
column,  especially  in  a  direction  transverse  to  the  axis  of  the  structiire. 
It  is  unnecessary  to  consider  wind  pressure,  as  such,  in  connection 
Avith  an  elevated  railway  of  the  ordinary  height.  There  are,  of  course, 
lateral  stresses  to  meet.  They  are,  however,  generally  quite  indeter- 
minate, and  may  be  fully  provided  for  by  simply  fixing  the  column  to 
the  cross-girder  at  the  top,  and  providing  a  double-riveted  lacing  of 
the  column  in  this,  lateral  direction. 

It  certainly  seems  strange  that  Designs  12  and  13  should  have  much 
larger  column  sections  than  Design  3,  which  may  easily  have  twice  as 
great  a  load.  This  all  follows  quite  logically,  however,  from  the  use 
of  the  column  theory  prescribed  in  the  paj^er.  It  would  be  interesting 
to  see,  and  weigh,  the  lateral  brace  for  Design  3,  when  properly 
made  to  satisfy  this  column  theory. 

The  expansion  pocket  (Figs.  8  and  9)  has  nearly  all  the  defects  of 
the  old  strap  pocket  of  a  generation  ago,  and  is,  constructively,  a  cor- 
ruption of  a  pocket  designed  by  Theodore  Cooj^er,  M.  Am.  Soc.  C.  E. , 
in  1886,  for  the  Suburban  Rapid  Transit  Company,  and  since  used  on 
the  Brooklyn  road,  with  a  rediiction  of  the  length  of  the  lever  arm  of  the 
load.  Expansion  joints  need  not  be  i^laced  nearer  together  than  200 
to  250  ft. ;  the  latter  distance  was  used  latterly  in  Brooklyn,  the  joints 
occurring  at  the  middle  of  every  city  block.  These  structures  do  not 
reach  the  high  ranges  of  temperature  generally  assumed,  and  rarely 
expand  and  contract  more  than  ^  in.  in  100  ft. ,  and  often  not  so  much. 

It  is  important  that  the  cost  of  elevated  structures  should  be  kept 
down,  although  there  is  a  possibility  of  exaggerating  the  importance 
of  this  matter.  For  the  New  York  City  roads,  the  interest  on  the  pres- 
ent cost  of  stronger  structures  would  constitute  less  than  15J^  of  all 
annual  expenditures.  The  problem  is  to  get  the  best  eflfect  for  the 
least  money,  L  e.,  for  the  least  weight  of  structure.  It  has  been  well 
said  that  existing  elevated  structures  have  plenty  of  material  in  them, 
but  not  rightly  distributed.  In  this  'respect,  the  studies  of  the  paper 
mark  but  slight  advance  over  previous  practice. 

One  of  the  most  economical  structures  ever  biiilt  was  the  stem  line 
of  the  Suburban  Rapid  Transit  Company.  It  was  located  on  private 
property  except  at  street  crossings,  and  had  but  two  tracks,  although 
these  were  located  with  reference  to  the  jaossible  addition  of  two 
more.  Masonry  piers  were  used  on  the  private  property,  instead  of 
columns.  Continuity  of  structures  was  not  necessary  or  desirable; 
the  longitudinal  girders  rested  on  iron  plates,  placed  on  the  granite 
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Mr.  Nichols,  coping  of  the  brick  piers.  One  end  of  each  girder  was  fixed,  the 
other  slotted  over  J-in.  bolts  set  in  the  coping.  There  was  absolutely 
no  vibration;  the  bents  were  substantial,  imperishable  and  economi- 
cal; the  cost  of  the  structure  for  double  track  was  about  $35,  and  a 
type  was  designed  estimated  to  cost  $30  per  lineal  foot.  The  loading 
was  nearly  twice  that  provided  for  in  the  paper  under  discussion. 

The  following  approximate  data  for  the  Brooklyn  Elevated  Rail- 
road is  based  on  actual  construction  rather  than  on  studies,  and  ex- 
cludes siding,  yards,  water,  coaling  and  interlocking  plant,  and  all 
stations,  other  than  noted,  and  reduces  the  cost  of  structure  to  3  cents 
per  pound. 


Average  length  of  spans 

Weight  of  structure  per  lineal  foot 

Cost  of  structure  per  lineal  foot,  including 

foundations 

Cost  per  mile,  including  passenger  stations. 
Percentage  of  cost  of  bents  to  cost  of  spans. 


Old 

Brooklyn 

Lines. 


44.7  ft. 
870    lbs. 


$34  70 


75.V 


Later 

Union 

Lines. 


50.9  ft. 
1 050      lbs. 

$m  50 

308  000  00 


Sea-Side 
Lines. 


52.5  ft. 
1  130     lbs. 

$37  40 
286  950  00 
65%- 


Fulton 

Avenue 

Extension. 


950    lbs. 


$.32  00 
213  900  00 


The  length  of  span  is  about  the  same  as  that  recommended  by  the 
author,  but  the  percentage  of  cost  of  bent  to  cost  of  span  is  much  less. 
If  the  "true  theory  of  economy"  is  correct,  about  30%  should  be 
added  to  the  cost  of  these  Brooklyn  bents,  and  since  this  must  be  put 
into  the  metal,  the  foundations  being  the  same,  it  would  add  about 
12  000  lbs.  of  metal  to  these  bents,  which  has,  heretofore,  been  con- 
sidered unnecessary. 

The  track  system  of  the  Manhattan  Railway  seems  to  have  been 
accepted  without  much  question.  This  system  illustrates  the  per- 
sistency of  minor  errors  and  the  ability  of  individuals  to  jjerpetuate 
their  idiosyncrasies.  The  ties  are  not  thick  enough,  nor  is  the  outer 
guard-rail  wide  enough.  The  inner  guard-rail  is  of  little  use  in  new 
structures,  other  than  to  space  the  ties  and  to  give  a  sort  of  moral 
confidence  to  the  timid,  and  these  are  its  principal  uses  in  the  recent 
Brooklyn  lines.  If  the  only  objection  to  projecting  nuts  was  the 
danger  of  trijjping  one  up  in  walking  over  the  track,  they  would  not 
be  so  studiously  avoided  or  yield  so  easily  to  the  cuspidors  formed  by 
the  Manhattan  cups.  Fig.  31  illustrates  the  principal  types  of  track 
system  used  on  the  Brooklyn  lines. 

The  beveled  ties  jn-ovided  for  in  the  studies  of  the  paper  were  first 
used  on  the  Brooklyn  lines  in  1889,  and  had,  no  doubt,  been  used 
before  that  time,  if  not  on  elevated  railways.  They  are  theoretically 
all  right,  but  the  track-men  prefer  the  old  wedge  block  as  more  con- 
venient to  handle  and  reset.     The  author  apologizes  for  a  compromise 
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between  theory  and  practice  in  using  low  elevations  of  the  outer  rail  Mr.  Nichols. 
on  curves,  and  says,  "experience  in  operation  alone  will  tell  whether 
the  decision  of  the  company's  engineers  in  the  matter  is  correct." 
There  need  be  no  uncertainty  on  this  score;  these  low  elevations  have 
been  in  use  on  all  elevated  railways  from  the  beginning.  There  is  no 
compromise  with  theory,  since  the  lower  elevations  correspond  with 
the  slower  speed  absolutely  required  on  sharp  curves  to  avoid  unseat- 
ing the  passengers. 

It  is  unfortunate  that  the  details  of  the  longitudinal  girders  and 
their  connections  are  not  given  in  the  paper,  as  there  are  indications 
that  close  adherence  to  the  scholastic  methods  has  led  to  the  retention 
of  some  of  the  antique  errors  of  girder  construction. 

The  simpler  an  elevated  railway  can  be  built,  the  better;  the  smaller 
the  number  of  parts  and  the  simpler  the  shape  of  these  parts,  the  more 
satisfactory  will  the  work  be.  No  attempt  at  ornamentation  should  be 
tolerated,  and  the  illustrations  in  the  paper  show  this  to  be  true. 
Ornament,  to  be  good,  must  be  necessary,  and  must  be  true.  These 
conditions  are  not  satisfied  on  elevated  railways,  except  in  the  most 
rigorous  simplicity  of  treatment. 

The  columns,  in  the  aesthetic  studies,  are  very  large,  and  the  spans 
inconveniently  short.  The  arch  span  has  no  practical  value.  It  does 
nothing  that  could  not  be  better  done  without  it ;  it  is,  in  consequence, 
insincere  and  misleading  and  cannot  be  justified.  It  is  intended  to 
hide  the  gii'der,  which  really  does  the  work,  and  is  therefore  a  delud- 
ing member. 

The  aesthetic  structure  does  not  seem  to  require  the  heavy  holding- 
down  lugs  and  bolts  of  Designs  1  to  13;  it  will,  perhaps,  hold  it- 
self down.  Here  is,  indeed,  a  structure.  Figs.  27  and  29,  which  does 
not  require  holding-down  bolts;  which  could,  in  fact,  be  skidded 
along  over  thick  ice  on  its  feet  without  falling,  simi^ly  because  its  legs 
are  stiflf  enough  and  are  well  fastened  to  its  body.  In  this  respect  it 
sustains  the  recent  practice  in  the  East,  if  it  does  not  fully  satisfy  the 
theories  of  the  paper. 

Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — In  studying  the  require- Mr.  Seaman 
ments  and  the  necessary  expedients  of  an  engineering  jiroblem,  and 
in  making  the  usual  examination  and  research  for  precedent,  many 
features  will  be  found  which  indicate  the  influence  of  extraneous  con- 
ditions over  which  the  engineer  has  no  control.  This  may  be  con- 
sidered to  have  been  the  cause  of  such  details  in  elevated  structures 
as  the  use  of  flat  plates  for  the  main  compression  diagonals  of  lattice 
girders,  or  the  construction  of  cross-girders  with  inclined  end-jiosts, 
and  with  no  other  column  connection  than  that  aff'orded  by  an  iron 
casting;  but,  though  such  details  may,  indeed,  teach  how  not  to  do 
it,  to  say  there  are  no  other  lessons  to  be  learned  from  these  struct- 
ures is  to  forget  that  when  first  constructed  some  twenty  years  ago, 
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Mr.  Seaman,  they  were  unprecedented,  and  their  better  and  more  successful  features 
have  become  so  blended  with  general  practice  that  even  the  examin- 
ing engineer  may  fail  to  recognize  the  very  source  of  his  better  infor- 
mation. These  elevated  roads,  after  twenty  years  of  service,  under 
loads  exceeding  those  for  which  they  were  designed,  show  no  indica- 
tion of  such  deterioration  as  would  justify  the  prediction  of  the 
author  that  they  will  eventually  be  reconstructed  because  of  their 
faulty  details. 

There  are  several  features  of  these  elevated  roads,  which  are  worthy 
of  consideration  by  those  engaged  in  the  most  recent  practice,  and 
one  of  these  is  the  effect  of  the  longitudinal  thrust  of  stopping  trains. 
The  use  of  the  coefficient  of  20%  is  extreme,  even  on  a  purely  theoreti- 
cal basis,  as  an  examination  of  the  tests  of  efficiency  of  air  brakes 
will  show.  These  tests,  made  under  exceptionally  favorable  circum- 
stances, show  a  resistance  of  about  15%,  and  when  it  is  considered 
that  the  compact  wooden  floor  system  distributes  such  force  in- 
definitely, it  may  be  doubted  if  the  resulting  strains  ai"e  of  any  con- 
siderable importance.  Vibration  must  occur  so  long  as  iron  has 
elasticity,  but  that  such  vibrations  produce  excessive  strains,  or  in 
any  way  injure  the  structure,  is  not  indicated  by  experience.  If  the 
vibrations  are  unpleasant,  the  remedy  is  to  build  stations  and  plat- 
forms upon  separate  foundations,  with  no  connection  to  the  main 
girders. 

The  speaker  had  already  discussed  the  use  of  steel.*  Though  the 
exigencies  of  manufacture  have  practically  eliminated  the  general  use 
of  fibrous  wrought  iron,  nt  is  reassuring  to  note  the  gradual  progress 
toward  a  soft  steel  on  account  of  its  greater  uniformity  and  freedom 
from  hard  spots.  It  seems  to  be  the  growing  opinion  among  en- 
gineers, that  the  use  of  high  or  medium  steel  so  increases  the  con- 
tingencies of  failure,  due  to  hardness,  that  a  decrease  of  section  is 
not  warranted. 

The  shop  coat  of  paint  should,  in  the  speaker's  judgment,  be  one 
which  will  not  conceal  defects  of  manufacture,  and  for  that  reason  he 
advocates  the  use  of  pui'e  boiled  linseed  oil;  but  for  a  permanent  coat 
of  paint,  there  is  probably  nothing  much  better  than  red  lead,  unless 
experience  should  prove  that  carbon  paints  afford  better  protection 
against  locomotive  fumes.  Some  time  ago,  while  examining  a  rail- 
road bridge  which  had  oxide  of  iron  paint  on  compression  members, 
and  lead  paint  on  tension  members,  both  applied  about  four  years 
previously  by  the  same  painters,  the  oxide  of  iron  showed  heavy 
scales  and  rust,  while  the  lead  was  still  in  perfect  condition. 

In  rail  sections  it  would  hardly  seem  necessary  to  go  beyond  those 
recommended  by  the  Committee  of  this  Society,  which  w^as  composed 
of  members  of  special  experience,  and  whose  report  was  the  result  of 

extended  deliberation. 

*  Transactions,  Vol.  xxvi,  p.  230. 
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The  author's  device  for  securing  a  truly  fixed  base  of  column  is  a  Mr.  Seaman, 
good  one,  but  the  cast-iron  bases  of  the  New  York  roads  have  been 
entirely  efficient,  and  in  these  cases  the  anchor  bolts  extend  nearly  to 
the  base  of  foundations,  instead  of  half  way  through,  as  the  author 
shows.  The  detail  of  expansion  joint  is  likewise  thoroughly  scientific, 
and  a  similar  device  has  been  extensively  used  in  the  vicinity  of  New 
York  with  very  satisfactory  results.  The  old  style  of  pocket,  formed 
merely  of  a  bent  jjlate,  has,  at  times,  proved  weak  at  the  bend. 

The  estimates  of  cost  presented  by  the  author  are  extremely  in- 
teresting and  valuable,  but  should  not  be  considered  with  undue 
refinement,  without  the  details  on  which  they  are  based.  For  in- 
stance, Designs  6  and  7  are  stated  to  be  alike,  excejat  the  additional 
brackets  on  No.  6,  yet  the  estimate  for  each  is  the  same;  also.  Design 
8  has  cross-girder  strains  and  brackets,  yet  it  is  said  to  be  less  ex- 
pensive than  No.  7.  Again,  in  the  comparison  of  plans,  he  places  the 
four-column  structiire  on  the  same  basis  as  that  with  two  columns, 
though  he  does  not  state  whether  or  not  he  has  considered  the  fact 
that  the  four-column  structure  would  receive  its  maximum  column 
load  from  each  train  that  passes  over  it,  while  the  two-column  struct- 
ure would  practically  never  receive  such  strain. 

While  his  brother  engineers  may  differ  from  him  in  a  number  of 
details,  it  is  not  intended  to  detract  from  those  main  features  of  the 
author's  paper  which  are  beyond  criticism,  and  for  the  jiresentation  of 
which  all  are  indebted.  He  is  likewise  to  be  congratulated  upon  re- 
ceiving the  endorsement  which  has  enabled  him  thus  to  adhere  to  the 
most  advanced  practice. 

^  T.  C.  Clarke,  Past-President  Am.  Soc.  C.  E. — The  author  gives  a  Mr.  Clarke, 
list  of  sixteen  "essentials"  to  good  elevated  railway  construction. 
Having  laid  down  the  law,  he  went  on  a  tour  of  observation  to  see  if  it 
had  been  followed.  The  results  were  unsatisfactory.  He  went  be- 
lieving "  that  the  methods  in  vogue  for  constructing  elevated  railways 
were  radically  wrong,"  and  came  back  having  accumulated  "  a  great 
mass  of  information  showing  how  not  to  do  it."  If  he  had  carefully 
examined  and  correctly  reported  the  condition  of  the  Second  Avenue 
structure  of  the  Manhattan  Elevated  Bailway  of  New  York,  he  must 
have  admitted  that  it  conforms  in  general  design  to  all  of  his  sixteen 
"essentials,"  although  in  detail  there  are  many  differences. 

The  speaker  took  direct  issue  with  the  author's  sweeping  state- 
ment, and  maintained  that  this  structure,  although  designed  twenty 
years  ago,  is  not  radically  wrong,  and  has  by  its  jierformance  shown 
that  it  is  not.  The  columns  are  of  Phoenix  section,  but  stronger  than 
the  section  designed  by  the  author.  The  foundations  and  their  at- 
tachment to  the  columns  are  much  better  calculated  to  resist  bending 
strains  on  the  columns,  and  as  there  are  none,  it  is  perfectly  proper  to 
stop  the  columns  at  the  bases  of  the  cross-girders.     That  they  are 
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Mr.  Clarke,  none  the  worse  for  this  is  evident  from  the  fact  that  there  is  no  per- 
ceptible vibration  for  approaching  trains,  whatever  may  be  the  case 
elsewhere.  The  Second  Avenue  girders  have  "  no  connecting  plates 
between  the  diagonals  and  chords  "  and  have  fewer  rivets  than  the 
author  believes  to  be  proper,  but  it  is  a  matter  of  fact  that  after  seven- 
teen years'  service  under  a  heavy  traffic  there  are  few  or  no  loose 
rivets. 

By  the  courtesy  of  Mr.  Fransioli,  General  Manager,  and  Mr. 
Waterhouse,  Chief  Engineer  of  the  Manhattan  Elevated,  the  speaker 
was  able  to  give  the  following  interesting  statistics  as  to  the  Second 
Avenue  structure : 

Age,  17  years.  Length,  7.4  miles.  Total  cost  of  repairs  to  structure, 
not  including  track  and  painting,  $40  613  23;  per  year,  ^2  390;  per 
mile  per  year,  $319.  Cost  of  repairs  per  ton  of  structural  iron  in 
17  years,  ^1  39,  which  is  about  2%  of  the  original  cost.  The  total 
tonnage  j^assing  over  this  structure  in  17  years  is  252  356  693  tons. 

Practical  men  would  call  this  good  design  and  good  construction, 
iowever  it  may  be  criticised. 

The  expansion  joints  and  the  entire  floor  system  of  the  Second 
Avenue  structure  have  been  closely  imitated  by  the  author,  and  the 
speaker  was  able  to  agree  with  him  so  far.  He  also  agreed  with  the 
author  where  he  says  that  holes  in  riveted  work  should  be  punched 
smaller  than  the  diameter  of  rivets,  and  reamed  to  a  greater  diameter. 
Either  this  or  drilling  is  essential  to  first-class  work.  The  speaker 
specifies  it  himself  for  swing-bridges  and  long  spans.  Whether  it 
should  be  insisted  uj^on  for  elevated  railway  work  he  has  some  doubts; 
it  would,  perhaps,  be  better  to  put  the  extra  cost  of  reaming  into  in- 
creased quantity  of  metal. 

The  Second  Avenue  structure  was  not  reamed,  but  it  is  unusually 
massive.  Its  weight  per  foot  for  two  tracks,  the  posts  and  cross-girders 
being  designed  for  four,  is  equal  to  that  of  the  author's  four-track 
structures.  It  is  believed  that  its  durability  is  due  in  a  great  measure 
to  the  low  strains  and  large  areas  of  metal,  as  well  as  good  workman- 
ship. 
Mr.  Crehore.  WiLLiAM  W.  Crehore,  Assoc.  M.  Am.  Soc.  C.  E.  — The  author's 
statement  as  to  the  imijortance  of  good  details  and  workmanship  in 
elevated  railroad  structures  is  certainly  commendable.  There  may  be 
honest  differences  of  opinion  among  engineers  as  to  the  comjjarative 
merits  of  two  or  more  styles  of  detail  to  perform  a  given  duty,  but 
there  are  certain  well-recognized  principles  which  have  been  jiroved  by 
experiment  and  experience  to  be  fundamental  in  connecting  and  detail- 
ing the  parts  of  a  structure  so  that  the  full  strength  of  each  member 
is  available  when  needed.  That  these  principles  either  were  not 
thoroughly  understood  or  were  not  deemed  of  sufficient  importance  by 
the  builders  of  elevated  railroads  ten  or  twenty  years  ago  is  very  much 
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in  evidence  in  New  York.  The  speaker  had  no  more  intimate  know!-  Mr.  Crehore. 
edge  of  the  Manhattan  elevated  structure's  condition  than  any  one 
mav  obtain  bv  riding  o^er  it  or  looking  at  it  from  the  street,  but 
enough  is  evident  to  show  that  the  structure  could  be  very  much  im- 
proved iijjon  if  rebuilt.  Although  the  rolling  stock  now  used  is  no 
heavier  than  was  provided  for  by  the  designers,  yet  the  live  load  is  now 
a  maximum,  the  wear  and  tear  is  continuous,  and  the  speed  of  trains 
has  been  much  increased,  notably  on  curves.  Then,  too,  the  improve- 
ments in  the  air-brake  during  the  last  fifteen  yeai's  have  caused  a  sub- 
stantial increase  in  the  traction  load.  It  was  the  opinion  of  the  speaker 
that  under  these  conditions  no  amount  of  patching  can  i)revent  a  gra- 
dual decline  in  the  factor  of  safety  of  the  structure,  and  without  wish- 
ing to  arouse  any  undue  apprehension,  one  might  reasonably  seek  to 
know  why,  in  a  city  that  gives  special  attention  to  all  other  building 
construction,  whose  insurance  companies  inspect  carefully  and  regu- 
larly the  elevators  in  the  tall  buildings,  and  whose  vigilance  for  the 
health  and  safety  of  the  people  is  so  practical  and  thorough  in  other 
directions,  the  elevated  railroad  structure  which  carries  500  000  people 
a  day  should  be  left,  with  no  check  except  the  occasional  superficial 
inspection  of  the  State  Railroad  Commissioners,  entirely  to  the  watch- 
fulness of  its  own  management,  which  in  other  matters  is  known  to  be 
not  too  jjarticular. 

It  will  be  argued  and  figures  might  be  produced  to  show  that  the 
elevated  railroads  in  New  York  have  been  remarkably  free  from  acci- 
dents, having  carried  an  enormous  traffic  during  the  last  twenty  years 
with  practically  absolute  safety;  all  of  which  is  true,  being  due  partly 
to  the  very  efficient  handling  of  trains,  and  partly  to  the  fact  that  the 
factor  of  safety  of  the  structure  is  not  yet  used  up.  A  chain  is  no 
stronger  than  its  weakest  link;  the  factor  of  safety  of  a  structure  is  no 
greater  than  that  of  its  weakest  member  or  its  weakest  detail.  A 
structure  which  is  subjected  to  continual  vibration  and  is  never  painted 
mtist  of  necessity  be  wearing  out.  It  therefore  becomes  a  matter  of 
great  interest  to  all  who  are  directly  concerned  to  know  how  nearly 
worn  out  the  individual  members  and  details  of  the  Manhattan  Ele- 
vated Railroad  structure  are. 
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CORRESPONDENCE. 


Mr.  Bouscaren.  G.  BouscAKEN,  M.  Am.  Soc.  C.  E. — Two  points  are  brought  out  by 
the  .author  which  are  specially  worthy  of  discussion,  viz. ,  the  selection 
of  the  grade  of  steel  most  approj^riate  to  the  class  of  structure  under 
consideration  and  the  desirability  of  a  more  extensive  application  of 
reaming  in  riveted  work. 

The  denomination  of  medium  steel  generally  implies  a  degree  of 
hardness  consistent  with  an  ultimate  strength  of  from  60  000  to  70  000 
lbs.  per  square  inch,  with  a  ductility  measured  by  an  elongation  of 
about  25%  in  8  ins.  The  corresponding  figures  for  soft  steel  are  gen- 
erally from  50  000  to  60  000  lbs.  per  square  inch,  and  about  30%  elon- 
gation. 

Soft  steel  is  a  material  eminently  tough  and  ductile,  the  progress 
made  in  its  manufacture  leaves  little  to  be  desired  in  regard  to  uni- 
formity in  the  qualities  of  products,  and  commands  confidence  in  its 
ability  to  resist  a  considerable  amount  of  rough  treatment.  It  is 
manifestly  superior  to  iron  in  most  respects,  and  is  rapidly  taking  its 
place  in  ship-building  and  boiler-making;  it  is  without  question  well 
adapted  to  structures  exposed  to  considerable  vibration  and  impact, 
such  as  the  deck  members  of  railroad  bridges  in  general,  and  all  mem- 
bers of  short-span  elevated  railroads  in  particular.  The  same  degree 
of  uniformity  in  quality  cannot  be  claimed  for  medium  steel  at  the 
present  time;  it  may  be  obtained  occasionally,  but  never  with  the  same 
degree  of  certainty.  Besides  being  a  harder  and  less  ductile  material, 
medium  steel  is  liable  to  extra  hardness  and  brittleness  in  spots. 
Until  it  can  be  treated  on  the  same  footing  as  soft  steel  in  point  of 
uniformity,  its  use  in  the  riveted  members  where  exposed  to  sudden 
variations  of  stress,  or  to  shocks  incident  to  derailments  or  collision, 
will  not  afi'ord  the  same  degree  of  security  as  that  of  the  softer  metal. 
The  examination  of  a  railroad  bridge  fallen  under  a  passenger  train, 
presumably  by  the  work  of  wreckers,  has  recently  confirmed  the  writer 
in  his  views  as  to  the  use  of  medium  steel  in  deck  members.  A  notable 
feature  of  the  wreck  was  a  60-ft.  steel  jslate  girder  standing  almost 
vertical  with  one  end  about  3  ft.  in  the  ground.  The  only  apparent 
injury  to  the  girder  besides  the  bent  lateral  angles  at  the  end  was  in 
the  bottom  flanges,  two  of  the  four  flange  angles  being  cracked  squarely 
across  without  any  other  deformation. 

Steel  of  good  quality  is  made  by  both  the  acid  and  basic  process, 
the  only  marked  point  of  difference  seems  to  be  that  a  lower  content 
in  phosphorus  is  practicable  for  basic  steel  than  is  the  case  for  acid 
steel.  Phosphorus  being  admittedly  an  objectionable  element  in  steel, 
this  consideration  should  seem  to  settle  the  question  in  favor  of  basic 
steel. 

The  writer  is  in  hearty  accord  with  the  author  in  what  he  says  in 
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regard  to  the  desirability  of  reaming  rivet  holes  in  all  kinds  of  ma-  Mr.  Bouscaren. 
terial.  It  is  a  universal  practice  to  specify  that  all  rivet  holes  should 
match  exactly  and  be  of  the  exact  diameter  required  for  the  hot  rivets. 
There  is  no  difference  of  opinion  as  to  the  importance  of  these  con- 
ditions to  the  good  quality  of  the  work.  Every  one  knows  that  they 
cannot  be  secured  without  reaming,  yet  the  stipulation  as  to  reaming 
is  generally  omitted  to  save  cost.  It  seems  to  be  one  of  those  instances 
of  puerile  self-deception  where  the  engineer,  unconsciously,  perhaps, 
seeks  to  obtain  a  certain  desirable  result  without  paying  for  it.  It  is 
hardly  necessary  to  add  that  such  attempts  are  generally  failui'es. 
Every  one  will  also  admit  that  punching  is  a  brutal  operation,  which 
seriously  injures  the  metal,  be  it  iron  or  steel,  within  a  certain  distance 
from  the  shearing  surface.  If  flaws  are  objectionable  in  the  body  of 
a  jilate,  they  certainly  are  more  so  in  the  bearing  surfaces  through 
which  all  stresses  are  transmitted.  Under  the  old  assumption  attribut- 
ing the  resistance  of  a  riveted  joint  to  the  friction  between  the  plates, 
developed  by  the  contraction  of  the  rivets,  it  was  a  matter  of  little  im- 
portance whether  the  rivets  completely  filled  the  holes  or  not,  and 
punched  holes  answered  the  purjjose  well  enough,  but  they  are  incon- 
sistent with  modern  practice,  where  rivets  are  treated  as  pins. 

The  superiority  of  reamed  work  is  no  longer  a  matter  for  specula- 
tion. Carefully  made  tests  at  the  Watertown  Arsenal  as  far  back  as 
1882  showed  that  it  could  be  depended  upon  for  a  gain  in  strength  of 
about  15  per  cent.  This  result  has  been  repeatedly  confirmed  by  later 
experiments.  As  the  matter  now  stands,  it  is  simply  a  question  be- 
tween good  work  and  inferior  work,  and  whether  the  extra  cost  of 
reaming  is  worth  the  additional  security  implied  in  the  greater  strength 
and  uniformity  of  the  work.  These  advantages  acquire  a  special  im- 
portance in  short  spans  and  decks  of  railroad  bridges. 

The  use  of  Portland  cement  in  the  concrete  for  the  substructure  is 
a  wise  provision,  especially  for  the  upper  part  of  the  pedestals  exposed 
to  severe  stresses  and  weather. 

In  view  of  the  fact  that  the  columns  are  expected  to  act  as  canti- 
levers anchored  to  the  pedestals,  and  to  resist  by  bending  all  hori- 
zontal forces  arising  from  curvature,  from  the  wind,  and  from  changes 
of  temi^erature,  it  would  be  interesting  to  know  the  maximum  degree 
of  temperature,  the  wind  pressure  assumed  j^er  square  foot,  the  speed 
of  trains  assumed  on  curves,  the  maximum  range  of  temperature  from 
the  initial  position  where  there  is  no  temperature  stress,  and  whether 
any  provision  is  made  for  easements  at  the  ends  of  curves.  If  such 
provision  is  not  made,  a  considerable  percentage  should  be  added  to 
the  centrifugal  force  for  impact.  It  would  also  be  of  interest  to  know 
the  units  of  working  stress  adopted  for  the  different  parts  of  the 
structure,  and  in  particular  for  the  columns  with  the  combination  of 
all  forces  acting  together. 
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Mr.  Rousseau.  H.  H.  RoussEAU,  Jun.  Am.  Soc.  C.  E.— In  regard  to  the  reaming  of 
holes  for  shop  rivets  in  soft  or  even  medium  steel,  the  writer  believes 
that  due  consideration  should  be  given  to  the  average  number  of  com- 
jjonent  pieces  the  rivets  pass  through,  to  the  amount  of  wear  and  tear 
the  structure  has  to  withstand,  and  to  the  financial  resources  of  the 
purchaser,  before  arriving  at  a  decision  in  any  particular  case.  If  the 
benefit  of  removing,  by  reaming,  material  jiossibly  injured  is  waived, 
the  question  becomes  reduced  to  ensuring  sufficient  bearing  area  for 
the  rivets  in  the  most  economical,  and  at  the  same  time  a  satisfactory, 
manner.  The  proi^osition  is  not  that  rivets  inunreamed  holes  have  no 
value,  but  what  is  a  safe  and  proper  value  to  give  them.  The  question 
is  not  one  of  vital  imioortance  to  the  safety  and  stability  of  the  struct- 
ure, being  only  to  establish  the  comparative  value  of  a  rivet  driven  in 
a  reamed  hole  -^-g  in.  larger  than  the  cold  rivet,  and  one  driven  in  a 
punched  hole,  the  mean  diameter  of  which,  according  to  general  prac- 
tice, is  -3^a  ill-  larger  than  the  diameter  of  the  cold  rivet.  Justly  or 
unjustly,  no  distinction  is  now  made  between  the  two,  and,  at  present, 
the  purchaser  has  only  a  choice  between  unreamed  work,  which  is  con- 
demned on  account  of  the  deviation  of  punching  from  mathematical 
precision,  and  upheld  on  account  of  its  cheapness,  and  the  reamed 
work  of  admittedly  superior  workmanship  and  higher  cost,  the  rivet 
values  being  taken  the  same  for  both.  If  a  relation  can  be  once  es- 
tablished between  the  two,  then  by  decreasing  the  number  of  rivets  for 
reamed  work,  the  two  classes  of  work  will  be  put  more  nearly  on  the 
same  plane,  as  far  as  theoretical  requirements  and  cost  are  concerned. 
It  is  of  interest  to  determine  what  this  will  amount  to  on  a  50-ft.  deck 
j)late-girder  span  weighing  14  tons  and  costing,  reamed,  860  jjer  ton 
erected.     The  number  of  rivets  in  the  span  will  be  taken  as  follows : 

Flange  angles  to  web 925 

Flange  angles  to  cover  plates 925 

Stiflfeners  and  web  splice 400 

Bed  plates 50 

Lateral  bracing 300 

Total 2  600 

At  83  per  ton,  the  average  price  given  by  the  author,  reaming  costs 
S42,  about  1.6  cents  per  rivet.  Any  change  in  i-ivet  values  would  affect 
appreciably  only  the  number  of  rivets  in  the  flange  angles,  and  for  the 
change  in  total  shop  cost  caused  by  a  rivet  more  or  less  may  be  taken 
the  cost  of  material  jjIus  laying  off  and  punching,  and  driving  the  rivet. 
At  5  cents  per  rivet,  840  additional  rivets  could  be  driven  before  the 
cost  of  reaming  would  be  equalled,  and  in  one-third  the  time  it  would 
take  to  ream,  and  it  would  thus  not  be  economical  to  ream  unless  a 
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rivet  in  punched  work  was  worth  less  than  about  three-fourths  a  rivet  Mr.  Rousseau, 
in  reamed  work.  The  area  of  a^-in.  rivet  upset  to  ^  in.,  as  in  punched 
work,  is  increased  over  20%,  which  excess  is  not  considered  in  order  to 
be  on  the  side  of  safety.  For  a  ^-in.  rivet  upset  to  th-ih-  in  a  reamed 
hole,  there  is  less  reason  for  disregarding  the  increased  area  of  14.8  per 
cent.  Increasing  the  unit  strain  in  proj^ortion  will  cause  a  saving  of 
240  rivets  in  the  flanges,  which,  at  6.6  cents,  amounts  to  $16,  over  one- 
third  of  the  cost  of  reaming.     This  may  be  stated  as  follows: 

Cost.  Per  cent. 

Punched  work $798  00  100 

Reamed  work,  with  increased  rivet  value. .     824  00  103.3 

Eeamed  work,  with  ordinary  rivet  value .. .     840  00  105.3 

What  is  wanted  at  present  is  to  know  how  long  reaming  lengthens 
the  life  of  a  structure  or  decreases  its  cost  of  maintenance.  A  practical 
experiment  of  the  matter  could  be  made  on  any  railroad  bridge  having 
a  number  of  spans  of  equal  length,  some  spans  being  reamed  and  others 
punched,  and  by  comparing  results.  The  opinion  is  ventured  that  in 
general  if  the  cost  of  a  structure  were  to  be  increased  5%,  better  results 
would  be  obtained  by  expending  this  amount  on  more  material  than 
for  reaming.  To  those  who  are  not  in  favor  of  reaming,  the  objection 
is  not  that  reaming  is  not  a  good  thing  in  itself,  but  that  it  is  not 
worth,  to  the  ordinary  ]?urchaser,  in  jirolonging  the  life  and  increas- 
ing the  efficiency  of  the  structure,  what  he  has  to  pay  for  it. 

HoEACE  E.  HoRTON,  M.  Am.  Soc.  C.  E. — Asto  metal,  material,  and  Mr.  Hortou. 
workmanship  for  elevated  railroads,  the  writer  does  not  understand 
the  requirements  are  essentially  different  than  for  bridge  work  in  gen- 
eral. It  is  interesting  to  note  the  modification  in  the  ultimate  strength 
of  metal  specified  and  used  over  a  term  of  years.  Thirty  years  ago 
iron  of  over  60  000  lbs.  tensile  strength  was  demanded  ;  however,  iron 
of  48  000  lbs.  tensile  strength  was  the  accepted  standard  when  iron 
went  out  of  use  for  structures.  Steel  first  used  in  structures  was  of 
150  000  lbs.  tensile  strength  ;  later,  80  000  lbs.  seemed  to  be  the  favor- 
ite, and  now  the  author  shows  the  exact  percentage  of  advantage  in 
the  use  of  64  000-lb.  steel.  What  is  to  be  the  ultimate  strength  de- 
manded for  structural  steel  in  the  future  can  only  be  a  matter  of  con- 
jecture, but  the  writer  thinks  it  reasonable  to  conclude  that  within  a 
short  ijeriod  steel  for  structural  work  will  be  demanded  of  under  56  000 
lbs.  tensile  strength.  While  in  the  past  steel-makers  have  not  been 
prepared  to  furnish  steel  of  this  character,  and  it  now  can  only  be  had 
at  inci'eased  exjDense,  indications  are  that  this  extra  cost  will  be  modi- 
fied or  eliminated  at  an  early  day. 

No  one  at  this  time  will  offer  to  use  150  000-lb.  steel,  and  it  is 
difficult  to  find  an  engineer  who  would  justify  himself  in  using  three- 
quarters  the  bulk  of  80  000-lb.  he  would  of  60  000-lb.  steel  to  accom- 
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Mr.  Horton.  jjlisli  a  definite  result.  The  author  uses  7%  less  material  of  medium 
steel  than  he  would  of  mild  steel,  and  nearly  offsets  the  estimated 
advantage  bv  increased  cost  of  manufacture.  If  his  estimate  is  modi- 
fied to  fit  the  market  as  it  is  at  this  time,  that  is,  manufactured  struct- 
ural material,  f.  o.  b.  Chicago  at  2  cents  instead  of  3  cents  per  jjound, 
as  he  indicates,  his  estimate  of  the  cost  of  reaming  would  be  from  5 
to  10%,  or  an  average  of  7k%,  somewhat  in  excess  of  the  advantage 
named  for  extra  strength. 

The  writer  does  not  believe  any  such  objection  exists  in  the  minds 
of  manufacturers  to  reaming  as  indicated  by  the  author.  That  they 
are  not  fully  advised  as  to  the  exact  cost  is  undoubtedly  the  fact. 
Whether  it  is  $2  per  ton,  the  minimum  named,  or  $7,  the  maximum 
asked,  has  not  been  proved.  Further,  the  manufacturer  finds  himself 
at  a  loss  in  tendering  on  work  which  demands  reaming,  to  judge 
whether  it  is  to  be  accomplished  by  mental  science  process  or  by  phy- 
sical act.  While  reaming  has  been  specified  for  most  steel  bridge 
work  for  the  past  fifteen  years,  many  of  the  manufacturing  concerns 
of  the  country  are  in  shape  to  do  reaming  only  by  the  method  which 
the  author  terms  "  humbug,"  while  others  are  prepared  to  ream  with 
drills  from  one-tenth  to  one-fifth  the  capacity  of  their  rivet  shops  ; 
hence,  the  conclusion  is  irresistible  that  a  very  large  percentage  of  the 
reaming  previously  specified  has  been  accomplished  by  an  incantation 
pronounced  over  the  punching  machine. 

The  author  proposes  to  ream  rivet  holes  -i\  in.,  that  is,  -^V  io-  oi^ 
each  side  of  the  hole,  as  a  remedy  for  misfits  of  -^2  iii-  named  as 
common  in  punched  work.  Evidently  he  has  been  unfortunate  in  his 
acquaintance,  and  further  seems  to  overlook  the  fact  that  a  concern 
which  has  rivet  holes  misfit  by  1-8  in.  will  do  slovenly  work  even  when 
reamed.  The  writer's  observation  leads  him  to  conclude  that  the 
punching  of  rivet  holes  and  the  driving  of  rivets  is  not  more  careless 
than  much  criticism.  He  has  never  seen  a  rivet  go  loose  in  service 
where  the  design  was  rational  and  there  was  any  reason  to  expect  satis- 
factory results  from  the  rivet,  and  further  diligent  inquiry  among 
those  whose  observation  has  been  the  broadest  verifies  his  exiierieuce 
as  stated. 

The  reaming  of  rivet  holes  in  metal  work  in  the  future  must  depend 
on  the  disposition  of  the  proprietorship  to  pay  for  such  reaming.  The 
case  where  the  ownership,  as  described  in  the  paper,  was  ready  to  pay 
for  reaming,  in  fact  insisted  on  having  it  done,  turns  on  the  further 
fact  that  the  ownership  was  advised  by  its  engineer  that  less  reamed 
material  would  furnish  a  more  valuable  structure  at  less  aggregate 
cost.  It  would  be  more  instructive  if  there  was  an  example  of  where 
proprietorship  had  shown  a  readiness  to  j^ay  for  the  extra  cost  of 
reaming,  where  the  extra  cost  would  be  7\%  of  the  value  of  the  manu- 
factured material,  and  the  advantage  lie  only  in  an  improvement  in  the 
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feelings  of  the  engineer.  Examples  of  this  character  would  at  once  Mr.  Hortoa. 
remove  all  objection  on  the  part  of  manufacturers  to  reaming,  but 
when  the  argument  is  based  on  building  a  better  structure  with  a 
smaller  quantity  of  less  reliable  material,  the  writer  believes  proprie- 
tors, manufacturers  and  engineers  all  have  reason  to  be  sceptical,  and 
he  doubts  if  practice  will  follow  the  suggestion. 

There  are  at  this  time  three  elevated  roads  oiaerating  in  the  city  of 
Chicago,  all  of  recent  construction.  Two  of  them  have  been  reorgan- 
ized, and  the  third  is  in  the  hands  of  a  receiver.  A  fourth  has  consid- 
erable work  of  construction  done,  and  the  daily  press  states  that  it  is 
negotiating  for  funds  to  carry  the  enterprise  to  completion.  All  have 
to  meet  the  competition  of  well-equipped  cable  and  electric  street  car 
lines  as  well  as  surface  railroads,  all  of  which  competition  would  natur- 
ally point  to  the  construction  of  elevated  lines  in  shape  to  serve  their 
j)atrons  with  the  least  discomfort,  placing  their  cars  as  near  the  street 
grade  as  i^ossible. 

The  author  shows  a  structure  with  an  elevation  above  street  sur- 
face at  the  base  of  the  rail  of  21  ft.,  which  is  essentially  the  elevation 
of  the  roads  built  and  i^rojected,  while  the  city  requires  a  clearance  of 
14  ft.  This  makes  it  possible  to  use  an  elevation  of  15  ft.  to  the  base 
of  the  rail  ;  that  is,  the  entire  system  of  Chicago  is  built  6  ft.  higher 
to  the  base  of  the  rail  than  the  requirements  of  the  city  call  for,  while 
three  of  the  four  lines  projected  and  built  are  largely  on  private 
right  of  way.  The  extra  expense  of  building  through  bridges  for 
street  and  alley  crossings  would  have  been  balanced  by  the  decreased 
cost  of  construction  of  the  other  parts  of  the  line,  while  such  parts  of 
the  line  as  have  been  built  in  the  street  would  have  been  either 
through  construction  or  carried  on  single  columns  on  the  curb  line, 
where  girders  could  have  been  placed  under  the  rails.  This  would 
require  modification  of  ordinance,  and  be  attended  u.ndoubtedly  with 
some  difficulty,  but  it  would  be  not  at  all  imiDossible.  Further, 
curves  and  intersections  in  the  streets  would  be  attended  with  greater 
difficulty  than  by  the  present  method  of  construction,  as  undoubtedly 
many  cases  would  develop  where  the  tracks  would  have  to  be  sus- 
pended from  overhead  girders. 

It  is  also  apparent  the  floor  of  car  might  readily  be  3  ft.  from  the 
base  of  the  rail  instead  of  4  ft.  Thus  the  elevated  structure  would 
fultil  the  demands  of  the  city  for  a  clearance  of  14  ft.  and  be  only  18 
ft.  to  the  floor  of  the  car,  instead  of  25  ft.  How  much  of  the  financial 
distress,  past,  present  and  to  come,  the  useless  7-ft.  elevation  has  and 
is  to  cause  is  entirely  a  matter  of  sjjeculation.  It  surely  requires 
energy  on  the  part  of  the  patrons  of  the  road  to  overcome  it.  It 
cannot  be  demonstrated  that  the  elevated  structures  would  have  been 
a  great  financial  success  if  7  ft.  lower.  That  they  would  have  had  a 
more  nearly  even  chance  is  obvious. 
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Mr.  Mogensen 


O.  E.  Mogensen,  Assoc.  M.  Am.  Soc.  C.  E. — An  elevated  railroad 
presents  in  its  general  character  and  in  its  manner  of  construction  more 
uniformity  than  most  steel  strnctiires,  as  the  single  members  and  typical 
details  once  adopted  are  to  appear  over  and  over  again  throughout  the 
work.  Hence  a  thorough  and  detailed  study,  such  as  has  been  made  by 
the  author,  is  of  great  importance  in  order  to  obtain  the  strictest  econ- 
omy in  construction,  manufacture,  and  maintenance  without  sacrificing 
strength  and  rigidity  in  design.  That  the  preliminary  work  had  been 
successfully  carried  out  by  the  author,  and  that  every  detail  had 
been  carefully  considered  when  the  contract  was  let,  is  shown  by  the 
fact  that  the  last  portion  of  the  structure  now  erected,  as  well  as  the 
first,  stands  as  a  true  copy  of  the  typical  drawings  on  which  the  con- 
tract price  was  based,  and  from  which  the  cuts  are  reproduced. 


LAY-OUT  FOR  BRACING,  TOWERS  3  SPANS  APART. 


LAY-OUT  FOR  BRACING,  TOWERS  4  SPANS  APART. 
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This  is  evident  from  the  fact  that  only  one  alteration,  even  of  minor 
importance,  was  made  in  the  lateral  bracing,  which  originally  was 
designed  as  shown  in  Fig.  2. 

From  this  general  plan  it  will  be  seen  that  the  longitudinal  thrust 
from  the  girders  is  carried  into  the  columns  by  a  triangular  bracing 
on  both  sides  of  each  column.  This  was  necessary  in  order  to  avoid  the 
horizontal  bending  in  the  top  and  bottom  flanges  of  the  cross-girders 
due  to  temperature  stresses.  However,  in  detailing  the  cross -girders 
the  section  adopted  for  the  flange  angles  was  found  to  be  sufii- 
cient  to  carry  both  the  horizontal  bending  plus  the  strain  due  to  the 
maximum  live  and  dead  load  on  the  structure,  for  cross-girders  spaced 
but  one  span  length  from  the  tower  bents.  The  bracing  was,  there- 
fore, changed  as  shown  in  Fig.  32,  thereby  simplifying  the  manufacture 
and  the  field  work  on  the  columns. 
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It  should   be   noted  in  this  connection  that  the  omission  of  the  Mr.  Mogensen. 
triangular  bracing  was  made  only  in  structures  on  tangents,  whereas 
the  structure  on  curves  remained  as  shown  in  Fig.  2,  with  additional 
lower  lateral  bracing,  as  mentioned  by  the  author  in  |  XX. 

In  speaking  of  the  riveting  of  work  punched  to  full  size,  the  author 
condemns  the  use  of  the  movable  air  reamer  used  to  enlarge  eccentric 
rivet  holes.  In  this  connection  the  writer  would  state  that  it  is  a  well- 
known  fact  among  inspectors  that  less  loose  rivets  ai'e  encountei-ed  in 
work  punched  to  full  size  than  in  reamed  or  drilled  work.  This  may 
be  exjilained  by  the  fact  that  the  looseness  of  rivets  driven  through 
an  irregular  hole  is  much  more  difficult  to  detect  than  loose  rivets 
driven  through  a  perfect,  cylindrical  and  smooth  hole,  as  the  crooked 
rivet  naturally  gives  much  greater  friction  to  the  irregular  surface 
formed  by  the  eccentric  holes. 

This  is  another  good  reason  which  speaks  for  the  sub-punching 
and  reaming  or  drilling  in  main  members  of  structural  work;  whereas, 
punching  to  full  size,  when  carefully  done,  will,  in  the  writer's 
opinion,  suffice  for  light  work  and  for  members  of  secondary  imjiort- 
ance. 

The  full  value  of  sub-punching  and  reaming  rivet  holes  in  jjrefer- 
ence  to  punching  to  full  size  is  somewhat  impaired  by  the  fact  that 
the  adjoining  plates  in  long  members  may  not  come  in  tight  contact 
with  each  other  at  the  rivet  holes.  It  is  not  seldom  found  that  these 
voids  are  wide  enough  to  allow  the  blade  of  a  pocket-knife  to  pass  be- 
tween the  plates  close  to  the  rivet.  These  voids  are  caused  by  the 
drilling.  When  the  tool  has  j^assed  through  one  plate  and  commences 
to  pierce  the  other,  the  two  plates  spread  enough  to  permit  the  steel 
shavings  to  locate  between  the  plates  around  the  rivet  to  a  distance  of 
3  ins.  from  its  center.  The  removal  of  such  shavings  is  a  very  simple 
matter,  which  would  hardly  necessitate  the  loosening  of  the  bolts,  but 
which  should  be  done  in  order  to  derive  the  full  benefit  of  the  ream- 
ing or  drilling  of  rivet  holes. 

Among  the  various  designs  so  thoroughly  discussed  by  the  author, 
a  comparison  between  steel  and  wooden  floor  systems  has  not  been 
taken  into  consideration.  As  the  Northwestern  Elevated  Railroad, 
with  the  excei^tion  of  a  small  portion  of  the  line,  occupies  private 
jjroperty,  it  is  hardly  probable  that  any  city  restrictions  would  have 
excluded  the  use  of  a  steel  floor  system,  which  for  several  reasons 
seems  of  advantage  for  a  structure  built  so  substantially  and  for 
which,  without  doubt,  greater  economy  in  maintenance  and  durability 
during  operation  have  been  considered  of  more  importance  than  an 
imaginary  saving  in  the  first  cost. 

The  extra  cost  of  a  corrugated  floor  above  that  of  a  wooden 
floor  system  of  vulcanized  timber  is  justified  by  the  following  advan- 
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Mr.  Mogensen.        First. — When   properly  designed  it  will  last  as  long  as  the  main 
members  in  the  structure. 

Second. — As  a  lateral  system  it  will  increase  the  rigidity  of  the 
structure  materially,  and  thus  take  the  place  of  the  upper  lateral  sys- 
tem, which  is  needed  for  the  wooden  floor  system. 

Third. — In  case  of  fire  from  any  of  the  adjacent  buildings,  destruc- 
tion to  the  structure  and  interruption  of  the  traffic  might  be  avoided. 

Fourth. — Cost  of  maintenance  and  inspection  is  considerably  lower 
than  that  of  a  wooden  floor  system  so  heavily  loaded. 

Fifth. — Fifteen,  thirty  or  forty-five  years  hence,  yellow  pine  or 
equally  good  timber  may  not  be  had  for  the  market  price  quoted  to-day. 

In  using  a  corrugated  floor  the  longitudinal  girders  may  be  raised 
far  enough  above  the  tojD  flanges  of  the  cross-girders  to  act  as  guard 
rails,  which  would  necessitate  a  spacing  of  about  7  ft.  2  ins.  center  to 
center  of  the  longitudinal  girders. 

The  first  cost  of  such  a  floor  stands  as  about  $11J10  per  linear  foot 
of  structure  to  $6  28  -per  linear  foot  of  structure  for  the  wooden  floor 
system,  based  on  the  i^rice  of  $38  per  1 000  ft.  B.  M.  for  vulcanized 
timber  in  place,  as  quoted  by  the  author.  This  would  mean  an  extra 
cost  of  about  \^%  to  be  added  to  the  total  cost  of  the  line,  which  is 
quoted  as  $32  65  per  linear  foot  of  line  for  Design  6. 

If  the  life  of  the  vulcanized  timber  be  put  at  fifteen  years,  these 
figures  show  that  in  less  than  twenty-seven  years  the  money  expended 
for  a  wooden  floor  system  would  amount  to  the  same  as  the  entire  cost 
of  the  steel  floor,  disregarding  the  greater  cost  for  inspection  and 
maintenance  of  the  wooden  floor  system.  It  may  be  said  that  the  steel 
floor  directly  supporting  the  rail  would  cause  greater  vibrations, 
noise  and  wear  upon  the  structure  than  the  wooden  floor  system. 
But  has  not  the  experience  of  recent  years  demonstrated  the  superiority 
of  the  steel  floor  system  over  the  wooden  floor  system,  which  needs 
constant  attention  after  a  service  of  four  to  five  years,  which  attention 
is  esj^ecially  dangerous  on  an  electric  elevated  railroad,  operated  by  the 
third-rail  system? 
Mr.  Hall  Wm.  M.  Hall,  M.  Am.  Soc.  C.  E. — The  author's  specification  for 
fineness  provides  that  90%"  shall  j^ass  the  No.  100  sieve.  It  is  believed 
that  most  of  the  foreign  Portlands  will  not  pass  this  specification, 
although  they  are  equal  or  superior  to  the  best  domestic  makes.  It 
would,  therefore,  be  interesting  to  know  if  the  foreign  makes  were  ex- 
cluded by  this  specification,  or  if  the  manufacturers  shipped,  or  pro- 
posed shij)ping,  cargoes  of  especially  fine  ground  cement  to  meet  the 
requirements.  The  specification  for  tensile  strength  appears  to  give 
a  maximum  as  well  as  a  minimum  limit.  The  minimum  in  all  cases  is 
very  low.  Most  specifications  give  only  the  minimum  tensile  strength, 
which,  for  briquettes  treated  as  specified,  is  now  usually  placed 
between  the  figures  following,  viz. : 
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Pure  cement  . . .     7-clay  briquettes,  between  400  and  500  lbs.          jjr.  Haii. 

28    "            "  "          475    "    600   " 

1  cement,  3  sand.     7    "             "  "          120    "    180  " 

1       "        3     "    .  28    "             "  "          170    "    250  " 

It  has  been  considered  not  detrimental  to  a  cement  to  show  a  higher 
tensile  strength  for  short-time  tests  than  any  of  the  maxima  given  in 
the  author's  specifications,  unless  it  was  shoAvn  to  recede  later  in 
strength.     It  is,  therefore,  not  clear  to  the  writer  why  they  are  given. 

In  no  part  of  these  specifications  is  the  temperature  of  air  or  water 
mentioned.  The  temperature  of  both,  however,  is  an  important  factor 
in  the  time  of  setting,  and  also  in  all  other  tests.  Therefore  the 
writer  believes  that  the  temperature  of  water  for  mixing  should  be  ac- 
curately specified,  and  the  temjaerature  of  air  in  the  testing  room  &-p- 
proximately  so. 

J.  C.  OsTKXJP,  Assoc.  M.  Am.  Soc.  C.  E. — In  comparing  the  merits  Mr.  Ostrup. 
of  the  many  excellent  designs  presented  in  the  paper,  the  writer  will 
confine  himself  to  those  of  Design  1,  Fig.  12,  and  to  Design  10,  Fig. 
21.  Some  of  the  more  important  advantages  in  Design  1  are  found  in 
the  fact  that  the  short  transverse  girder  for  each  track  and  its 
bracket  and  column  are  made  in  one  piece  in  the  shop,  and  that  the 
web  plate  through  these  parts  is  practically  continuous;  its  cheap- 
ness, costing  about  ^11  200  less  per  mile;  its  greater  rigidity  and 
facility  of  manufacture  and  erection.  For  these  reasons  this  design 
was  adopted  for  the  Northwestern  Elevated  Railroad,  but  over  this  de- 
sign. Design  10  has,  in  the  writer's  opinion,  one  material  advantage.  It 
will  be  seen  in  Fig.  9  that  the  short  transverse  girder  projects  3i  ins., 
which,  with  the  additional  amount  of  projection  caused  by  the  rivet 
heads,  is  increased  to  about  4  ins. ,  above  the  jslane  of  the  longitudinal 
girders.  This  feature  is  eliminated  in  Design  10,  which  would  be  a 
material  advantage  when  placing  the  floor  system  or  track  work  on 
the  structure. 

For  various  reasons,  which  are  immaterial  to  this  discussion,  it  is 
intended  on  all  curves  of  the  Northwestern  Elevated  Railroad  and  the 
Union  Elevated  Railroad  to  use  beveled  ties  spaced  15  ins.  center  to 
center,  and  to  place  them  radially  to  the  curves.  Local  conditions 
have  in  most  cases  rendered  it  imi^ossible  to  place  the  bents  or  trans- 
verse girders  radially,  and  their  direction  is  therefore  at  variance  with 
that  intended  for  the  cross-ties.  Consequently,  it  will  be  necessary  to 
change  the  direction  of  all  ties  in  proximity  to  the  cross-girders,  or  to 
adze  down  the  ties  by  4  ins.  where  they  cross  the  top  flange  of  the 
transverse  girders,  both  of  which  methods  are  undesirable.  Even 
sui^posing  that  all  the  cross-girders  could  be  located  radially,  the 
width  of  their  top  chord  would,  of  necessity  caused  by  local  condi- 
tions, vary  from   10  to   14   ins.      As   the  ties   are   8   ins.    wide   and 
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Mr.  Ostrup.  spaced  15  ins.  center  to  center,  this  leaves  a  clear  space  of  7  ins.  be- 
tween two  adjacent  cross-ties.  This  sjiace  of  7  ins.  would  be  any- 
where from  10  to  14  ins.  at  every  bent,  and  produce  an  irregularity 
which  is  also  undesirable. 

In  regard  to  the  merits  of  the  braced  towers,  the  author  seems  to 
have  shown  some  unnecessary  modesty  in  not  describing  their  great 
and  undisputed  advantages  more  fully.  On  all  elevated  roads  the 
expansion  pockets  are  generally  spaced  about  150  ft.  apart,  with  a 
clear  oi^ening  in  the  pocket  of  from  2  to  4  ins.,  according  to  design 
and  accuracy  in  the  triangulation  work,  and,  therefore,  a  structure  of 
this  kind  forms  a  series  of  indeijendent  sections,  each  150  ft.  in  length. 
The  chief  object  in  view,  when  designing  every  detail  of  an  elevated 
railroad  exjjected  to  pay  interest  on  its  invested  cajjital,  should  be 
rapid  transportation.  With  the  utmost  universal  use  of  electric  power 
for  the  competing  surface  cars,  its  financial  life  dejjends  almost  solely 
upon  this  point.  Therefore,  it  is  necessary  to  propel  a  train  over 
this  non-continuous  structure  at  a  rate  of  say  40  miles  an  hour,  and 
to  start  and  to  stop  the  train  as  quickly  as  the  traction  will  permit. 
All  this  causes  a  great  amount  of  vibration.  The  idea  of  properly 
checking  this  vibration,  which  is  greatly  detrimental  to  the  rigidity 
as  well  as  to  the  life  of  the  structure,  seems  to  have  been  almost  en- 
tirely overlooked  heretofore,  and  is  solved  excellently  and  effectively 
in  Design  1.  Another  highly  commendable  point  in  favor  of  this 
feature  is  the  fact  that  these  braced  towers  reduce  to  a  considerable 
extent  the  total  weight  of  metal  in  the  structure,  which  reduction,  ac- 
cording to  the  author,  amounts  to  the  surprising  figure  of  9  i^er  cent. 
Mr.  Campbell.  C.  E.  H.  CAMPBELL,  M.  Am.  Soc.  C.  E. — In  the  author's  study  of 
the  elevated  railroad  question,  it  seems  that  he  has  almost  exhausted 
the  points  of  discussion  himself  by  presenting  some  fourteen  different 
designs  and  ai'rangements  of  structures,  with  comments  thereon.  As 
to  the  specifications  and  designs  necessary  for  the  construction  of  such 
structures,  when  certain  requirements  are  fixed  and  conditions  de- 
termined and  the  structural  engineer  takes  hold  of  the  case,  the  results 
are  generally  dependent  on  his  knowledge  and  experience,  assisted  by 
information  that  he  is  able  to  collect  from  others  who  may  be  skilled  in 
that  line.  The  author  seems  to  have  pursued  this  method,  and  reached 
out  further  by  investigating  defective  features  in  existing  structures, 
and  such  endeavors  to  remedy  defects  cannot  fail  to  improve  produc- 
tion, if  the  man  who  prescribes  the  remedy  knows  all  about  the 
disease. 

The  author  dwells  at  some  length  on  the  matter  of  reaming.  From 
the  engineer's  standpoint,  where  the  nearest  possible  approach  to  per- 
fection is  desii'ed,  his  deductions  cannot  be  denied. 

From  the  manufacturer's  standpoint,  objections  will  be  in  inverse 
proportion  to  his  facilities  for  performing  this  class  of  work.     The 
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writer's  opinion  is  that  if  any  built  member,  wlietlier  in  tension  or  Mr.  Campbell. 

compression,  has  assigned  to  it  a  fixed  value  of  working  stress  per 

square  inch,  this  fixed  value  is  based  upon  the  physical  properties  of 

solid,  perfect  and  faultless  material,  and  the  joining  together  of  the 

comjionent  parts  of  the  member  by  rivets,  bolts,  welds,  or  any  other 

method,  should  be  so  perfect  in  detail  that  there  will  be  no  defect  in 

the  member  against  which  it  is  possible  to  provide.     Punching  acts  in 

the  nature   of   a   force  applied  almost   instantaneously,  with   power 

enough  to  tear  or  shear  a  hole  through  the  metal.    The  part  that  is  thus 

disrupted  is  torn,  bent,  bruised  and  evidently  damaged  for  at  least  a 

small  distance  around  the  hole,  and  it  is  evident  that  those  parts  that 

are  thus  distorted  cannot  have  the  same  effective  strength  per  unit  as 

the  original  sound  piece.     Further,  if  part  of  the  rivet  holes  match  and 

others  do  not,  there  must  be  an  unequal  straining  of  the  particles  of 

metal  in  the  member,  even  if  the  rivets  fill  the  holes  fairly  well.     The 

writer  has  heard  some  manufacturers  claim  that  if  reaming  is  deemed 

necessary,  then  each  piece  can  as  well  be  reamed  separately  before 

assembling.     This  is  evidently  wrong,  as  the  chance  for  bad  matching 

of  holes  remains  the  same  as  before  reaming.     To  produce  perfect 

results,   all  comjionent  parts  should  be   assembled  before  reaming. 

The  results  obtained  by  the  use  of  portable  reamers  are  somewhat 

questionable,   depending  to  some  extent  on    the  intelligence  of   the 

workman  handling  the  machine.    The  use  of  stationary  reamers  places 

results  beyond  question. 

Regarding  longitudinal  bracing  and  the  vibration  incident  to  the 
lack  of  it,  the  writer  had  an  opportunity  to  observe  this  defect  in  the 
Sioux  City  elevated  road,  some  6  000  ft.  in  length,  in  which  there  was 
no  provision  whatever  made  for  traction  force,  and  dependence  was 
placed  only  on  the  riveted  connections  between  the  ends  of  girders 
and  columns.  The  vibration  was  plainly  noticeable  at  a  point  2  000  ft. 
from  the  moving  train.  What  eflfect  this  will  have  on  the  connecting 
rivets  remains  to  be  discovered. 

The  question  of  jjainting  metal  in  such  a  way  as  to  preserve  it  for 
any  length  of  time  from  the  action  of  the  elements  has  been  the  subject 
of  considei'able  talk,  with  but  small  results.  The  custom  of  oiling  metal 
at  shops  or  mills  jjroduces  no  good  results,  further  than  j^rotection  from 
rust  during  manvafacture  and  transportation.  Oil  is  a  poor  foundation 
on  which  to  spread  the  paint.  The  protective  element  in  paint  is  the 
pigment,  and  the  oil  the  medium  by  which  it  is  ajiplied.  Therefore, 
if  anything  is  put  on  the  metal  at  shops  or  mills,  it  should  be  the  best 
protective  comj)ound  known. 

The  author  takes  occasion  to  mention  the  frequent  jjractice  of  some 
bidders  of  attempting  to  throw  discredit  on  the  plans  and  specifications 
of  the  consulting  engineer.  The  writer  ventured  the  opinion  that  he 
who  knows  all  about  the  disease  is  qualified  to  prescribe  the  remedy. 
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Mr.  Campbell.  While  the  author  has  diagnosed  the  case  in  question,  he  has  encoun- 
tered another  kind  of  disease.  This  malady  often  gets  a  grip  on  engi- 
neers and  proprietors  of  some  manufacturing  concerns,  and  they 
determine  that  the  consulting  engineer  does  not  know  what  his  em- 
ployers want,  but  that  they  do.  Therefore  they  attemj^t  to  ignore  the 
engineer's  designs  by  submitting  "  much  superior  "  ones  of  their  own 
special  make.  Such  designs  are  generally  made  to  conform  to  their 
individual  shop  practice  and  the  most  economical  shapes  rolled  by  their 
ow^n  mill,  and  the  only  object  in  view  is  cheajsening  the  product  to  the 
manufacturer,  and  obtaining  contracts  with  more  profit  than  if  taken 
on  the  engineer's  specifications. 
Mr.  Osborn.  Fkank  C.  Osborn,  M.  Am.  Soc.  C.  E. — The  writer  takes  pleasure  in 
heartily  indorsing  the  paper,  as  a  whole,  but  would  like  to  call  attention 
to  a  few  jjoints  mentioned  by  the  author,  with  the  idea  of  emj^hasizing 
them.  The  first  of  these  is  the  requirement  in  regard  to  providing  "  ade- 
quate means  of  transmitting  the  thrust  of  braked  trains  from  longitudinal 
girders  to  columns  without  ovei'straining  the  cross-girders,"  and  the 
proportioning  of  columns  to  "provide  sufiicient  strength  to  resist  direct 
load,  bending  from  longitudinal  thrust,  bending  from  transverse  thrust, 
and  on  curves  bending  from  centrifugal  loads. "  These  features  of  design 
have  frequently  been  lost  sight  of  entirely,  and  their  importance  ought 
to  be  recognized  fully,  for  the  reason  that  the  stresses  requiring  these 
provisions  occur  at  every  passage  of  a  train.  It  should  be  borne  in 
mind  that  any  stress  applied  to  such  structures  must  eventually  reach 
the  earth,  and  proper  provision  ought,  of  course,  to  be  made  for  its 
doing  so. 

In  regard  to  the  importance  of  good  design,  material  and  workman- 
ship for  elevated  railroads,  it  seems  that  these  requirements  are,  if 
anything,  even  more  important  than  for  ordinary  steam  railroad  bridges, 
for  the  reason  that  trains  are  much  more  frequent,  and  they  are  being 
constantly  stopped  and  started  at  stations  which  are  comparatively 
short  distances  apart,  making  the  punishment  to  which  an  elevated 
railway  is  subjected  much  more  severe  than  that  of  an  ordinary  rail- 
way bridge. 

The  writer  agrees  with  the  author  in  the  preference  for  medium 
steel  with  sub-punching  and  reaming  over  soft  steel  without  the  ream- 
ing. A  gain  is  effected  on  account  of  the  greater  strength  of  the 
medium  steel,  and  the  reaming  is  certainly  advisable,  as  it  removes  the 
injured  metal  in  the  immediate  vicinity  of  the  hole  and  makes  a  better 
job  from  a  workmanship  standpoint.  Objections  to  reaming  and 
drilling  apjDcar  to  come  principally  from  manufacturers  operating 
small  plants  without  facilities  for  doing  this  kind  of  work.  Some 
manufactui-ers,  however,  although  fully  equipped  to  do  the  work,  are 
in  the  habit  of  bidding  on  work  for  which  reaming  is  sjjecified  and 
then  doing  their  utmost  to  have  the  reaming  waived,  solely  with  the 
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view  of  increasing  their  profit.  The  practice  of  a  number  of  manu-  Mr.  Osbom. 
facturers  of  always  endeavoring  to  have  modifications  and  changes 
made  in  plans  and  specifications  and  solely  with  the  idea  of  diminish- 
ing the  cost  of  the  work  to  themselves,  without  any  advantages  what- 
ever to  the  purchaser,  is  one  hardly  to  be  recommended.  This  policy, 
in  a  number  of  cases  known  to  the  writer,  has  led  to  the  placing  of 
the  contractor  at  a  positive  disadvantage  on  subsequent  work. 

In  regard  to  faulty  details,  that  of  connecting  members  together 
by  riveted  joints  without  paying  due  attention  to  the  proper  inter- 
section of  gravity  lines  is  probably  as  common  as  any.  The  only 
excuse  for  it  ordinarily  is  the  saving  of  a  very  small  amount  of 
material  in  the  gusset  plates. 

The  writer  fully  agrees  with  the  author  regarding  the  attachment 
of  cross-girders  to  columns.  This  connection  should  be  as  rigid  as 
practicable,  and  this  can  best  be  accomplished  by  running  the  column 
up  to  the  top  of  the  cross-girder  and  riveting  the  two  together  thor- 
oughly. 

It  is  the  opinion  of  the  writer  that  what  is  known  as  carbon  primer 
is  superior  to  linseed  oil  for  a  first  coat  for  structural  iron  or  steel. 
It  is  thin,  flows  readily,  and  unites  firmly  to  the  metal.  It  dries  hard 
and  does  not  give  the  greasy  surface  to  metal  that  linseed  oil  does. 
It  makes  a  finish  to  the  metal  surface  that  permits  the  laying  out  of 
work  as  readily  as  upon  the  raw  material.  The  carbon  primer  should 
be  applied  as  soon  as  practicable  after  rolling,  and  certainly  before 
any  tendency  to  rust  appears. 

As  to  the  aesthetics  of  structural  steel  designing,  it  is  certainly  time 
that  engineers  gave  serious  attention  to  this  j^oint.  For  the  ordinary 
railway  structure,  architectural  appearance  is  not  particularly  imjiort- 
ant,  as  but  few  people  have  occasion  to  view  it.  For  city  or  suburban 
bridges,  however,  and  particularly  for  elevated  railways,  the  question 
of  appearance  is  a  live  one  and  well  worth  careful  study  and  considera- 
tion by  engineers.  An  engineer  as  well  as  an  architect  owes  it  to  the 
general  ptiblic  to  give  a  structure  satisfactory  not  only  from  a  utilitarian 
standpoint,  but  from  an  artistic  standpoint  also.  This  artistic  effect 
is  not  necessarily  obtained  by  elaborate  ornamentation,  in  fact  too 
much  or  inappropriate  ornamentation  may  be  worse  than  none  at  all. 
The  desired  efi"ect  may  frequently  be  obtained  by  a  proper  and  careful 
study  of  the  principal  lines  and  form  of  the  main  structure.  A  struct- 
ure may  have  little  or  nothing  of  pure  ornamentation  and  yet  be  very 
pleasing  to  the  eye  on  account  of  its  natural  grace  and  apparent  adapt- 
ability to  the  purpose  for  which  designed.  Engineers,  as  a  rule,  give 
too  little  attention  to  the  architectural  effect  of  their  structures,  and 
they  will  doubtless  concede  that  the  author  has  made  a  distinct  and 
satisfactory  advance  over  what  has  heretofore  been  done  iu  this  direc- 
tion by  American  engineers. 


386  COKKESPONDENCE   ON   ELEVATED   RAILROADS. 

Mr.  Pratt.  Wm.  Akthur  Pratt,  M.  Am.  Soc.  C.  E. — The  writer  has  had  exper- 
ience only  -with  elevated  viaducts  designed  for  the  heavy  loads  of 
ordinary  steam  roads.  The  conditions  are  different  in  the  case  of  rapid 
transit  lines  in  city  streets,  whether  the  motive  power  be  electricity  or 
steam,  but  the  traffic  is  no  less  constant  than  in  case  of  the  heavier 
structures.  To  one  who  has  had  to  do  with  the  construction  and 
maintenance  of  these  viaducts,  several  facts  are  very  apparent: 

First. — The  service  is  extremely  severe,  especially  on  those  viaducts 
forming  approaches  to  important  trunk  line  terminals. 

Second.  —The  deterioration  of  the  structure  is  much  more  rapid  than 
in  the  case  of  equally  well  designed  work  of  other  types  on  other  jjarts 
of  the  line. 

Third. — The  foundations  require  most  careful  treatment  in  design 
and  construction,  and  frequently  show  settlement,  and  require  more 
or  less  extensive  repairs  before  the  superstructure  develops  any  weak- 
ness. 

The  writer  therefore  holds  that  minimum  first  cost  is  not  necessarily 
synonymous  with  true  economy,  and  that  the  use  of  medium  steel  with 
high  unit  stresses,  thereby  reducing  weight  and  increasing  deflections, 
is  a  move  in  the  wrong  direction.  The  writer  believes  from  a  careful 
observation  of  the  behavior  of  many  viaducts  in  actual  service  that 
the  most  durable  and  satisfactory  are  those  very  heavy  structures 
with  solid  through  floors  and  stone-ballasted  roadways.  While  this 
latter  style  of  construction  is  probably  not  available  for  a  rajjid- 
transit  elevated  railway  built  in  the  streets  of  a  city,  the  engineer 
can  at  least  use  comparatively  low  unit  stresses,  thereby  reducing 
deflections  to  a  minimum  and  providing  additional  mass  to  absorb  the 
impact  of  the  moving  load.  If  low  unit  stresses  are  used,  there  remains 
no  imperative  reason  for  using  medium  steel,  as  the  ultimate  strength 
and  elastic  limit  of  the  material  are  no  longer  in  question;  and  if  soft 
steel  is  used,  the  writer  sees  no  reason  for  a  general  reaming  specifica- 
tion as  his  experience  shows  conclusively  that  there  are  several  bridge 
shops  in  the  country  which  can  turn  out  punched  work  with  an 
accuracy  leaving  but  little  room  for  criticism. 

The  author's  figures  are  very  seductive,  but  the  writer  is  by  no 
means  convinced  thereby  that  the  four-column  bent  is  the  best  arrange- 
ment for  a  four-track  viaduct.  The  reason  for  this  lack  of  faith  is  in 
what  has  been  previously  said  about  the  uncertainty  of  foundations 
under  viaduct  columns.  As  a  case  in  point  the  following  testimony  is 
submitted.  The  facts  isertain  to  a  viaduct  for  which  the  writer  pro- 
vided the  superstructure. 

Foundation  beds,  good,  compact  gravel.  Lower  course  of  masonry, 
concrete  11  ft.  square,  3  ft.  thick.  Balance  of  foundation,  heavy,  un- 
dressed ashlar  in  regular  courses.  Caps,  sandstone,  42  ins.  square,  20 
ins.  thick,  four  anchor  bolts  in  each  foundation.     Maximum  load,  250' 
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tons,  of  which  about  140  tons  is  live  load.     Pressure  on  foundation  Mr.  Pratt, 
beds,  about  2  tons  per  square  foot. 

About  100  of  these  foundations  were  built,  all  of  substantially  the 
same  character,  the  beds  being  apparently  of  the  same  good  material 
throughout.  After  five  years'  service,  60%  of  these  foundations  showed 
settlements  varying  from  1  to  3  ins.,  and  of  the  remainder  almost  all 
showed  an  appreciable  settlement. 

Additional  testimony  could  be  furnished  if  necessary,  but  the  tenor 
of  it  would  not  differ  from  the  preceding.  The  writer  therefore  be- 
lieves that  having  determined  upon  a  satisfactory  span-length,  it  is  good 
practice  to  reduce  the  number  of  column  foundations  to  a  minimum, 
using  not  more  than  two  in  a  bent,  unless  other  conditions  reqiiire  a 
moditication  of  this  arrangement.  This  reduces  to  a  minimum  the 
number  of  points  liable  to  settlement,  and  the  consequent  distortion 
of  the  structure  becomes  a  less  serious  question.  The  liability  to 
settlement  of  foundations  leads  the  writer  to  believe  also  that  where- 
ever  physical  conditions  will  permit,  it  is  better  practice  to  design  the 
structure  with  the  longitudinal  girders  carried  on  the  upjjer  flanges  of 
the  cross-girders,  rather  than  riveted  to  the  webs  of  the  latter.  In 
case  of  unequal  settlement  of  adjacent  bents,  the  latter  detail  would 
involve  severe  and  possibly  destructive  strains  in  the  header  connec- 
tions; while  but  small  harm  would  be  done  if  the  track  girders  were 
simply  seated  on  toj)  of  the  cross-girders. 

The  author  believes  that  a  shop  coat  of  boiled  linseed  oil  on  finished 
members  is  all  that  is  required  before  erection,  and  this  is  also  the 
present  practice  of  the  Pennsylvania  Railroad  Company.  Some  recent 
developments  in  connection  with  the  bridge  work  of  this  company 
have  led  the  writer  to  believe  that  this  practice  is  not  good.  An  order 
of  plate  girders  with  i-in.  rivets  passed  the  shop  inspection  before  the 
oil  coat  was  applied,  and  the  riveting  was  fully  up  to  the  high  standard 
of  the  shop  which  furnished  the  girders.  After  the  delivery  of  the 
work  and  during  the  erection,  the  railroad  company's  men  discovered 
that  far  too  large  a  percentage  of  the  rivets  were  loose,  and  this  led  to 
a  careful  investigation  with  experimental  pieces  which  were  riveted  up 
and  tested  for  loose  rivets  before  and  after  oiling.  The  fact  was  de- 
veloped that  rivets  which  were  tight  before  oiling  could  in  most  cases 
be  readily  loosened  with  an  inspector's  hammer  after  the  oil  had 
penetrated  around  the  shank  of  the  rivet.  The  effect  of  the  oil  was  to 
soften  the  scale  on  the  surface  of  the  rivet,  at  the  same  time  reducing 
the  friction  of  the  rivet  heads  like  any  other  lubricant.  The  test 
pieces  were  then  cut  through  the  center  lines  of  the  rivets  and  showed 
that  the  upsetting  had  been  practically  perfect.  The  experiments 
therefore  seemed  to  show  that  while  many  of  the  rivets  would  have 
been  condemned  by  an  inspection  after  the  oil  was  applied,  the  situa- 
tion could  not  have  been  improved  by  cutting  out  and  replacing  these 
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Mr.  Pratt,  rivets.  In  the  writer's  judgment  the  above  facts  are  a  jjossible  ex- 
planation of  the  comiiaratively  large  number  of  loose  rivets  which 
occasionally  appear  in  certain  girder  spans  that  give  no  indication  of 
poor  work  during  the  shop  insijection.  If  the  girders  were  placed  in 
service  while  the  oil  was  still  fresh,  they  were  subjected  to  substan- 
tially the  same  conditions  as  were  the  experimental  pieces  which  were 
tested  after  oiling.  In  the  writer's  opinion  it  is  better  to  give  the 
finished  pieces  a  heavy  priming  coat  of  some  approved  paint  in  the 
shop  than  to  use  linseed  oil  alone. 

Mr.  Boiler.  A.  P.  BoLLER,  M.  Am.  Soc  C.  E. — In  discussing  a  paper  like  the 
author's  elaborate  examination  of  the  problems  involved  in  the  con- 
struction of  elevated  railroads,  it  is  impossible  within  reasonable 
limits  to  comment  on  all  the  points  he  takes  up.  In  his  sweeping 
condemnation  of  all  past  efforts  in  this  direction,  he  seems  to  have 
forgotten  all  modern  work  is  a  development  of  the  past,  and  his  own 
excellent  work  would  not  have  been  possible  except  for  the  labors  of 
those  before  him.  In  the  early  days  of  such  roads,  the  science  of  con- 
structive engineering  was  only  taking  shape  in  this  country.  The 
problems  involved,  as  they  are  now  seen,  are  not  complicated,  unless 
one  chooses  to  make  them  so.  The  construction  is  simply  a  con- 
tinuous line  of  girders  supported  on  columns  resting  on  pedestals 
arranged,  as  to  span  and  support,  according  to  the  local  requirements 
of  any  given  case,  and  an  economical  balancing  of  spans  and  supports 
as  near  as  it  is  jjracticable  to  do  so,  subordinate  to  the  necessities  of 
street  traflSc.  The  constructive  details  necessitated  thereby  are  a 
matter  of  the  individual  taste  of  the  designer,  so  long  as  they  are 
controlled  by  princii)les  of  statics  and  the  laws  of  the  strength  of 
materials  used,  coupled  with  a  full  knowledge  of  shop  methods  and 
facilities. 

Such  structures  are  not  subject  to  any  architectural  treatment 
whatever,  and  should  be  built  as  unobtrusively  as  possible.  The 
writer  prefers  plate  girder  work  to  lattice  work,  as  it  can  be  made 
shallower,  even  at  the  expense  of  a  little  more  flange  material.  For 
straight-away  work,  he  has  always  thought  the  type  of  the  Third 
Avenue  line  in  New  York  City,  of  course  detailed  with  modern  ideas, 
was  about  the  best  for  a  wide  avenue,  where  posts  could  be  put  in 
the  avenue,  being  the  least  obtrusive.  For  a  narrow  street,  or  where 
otherwise  required,  of  course  there  is  nothing  left  but  to  put  columns 
inside  the  curb  line  and  girder  across  the  street. 

As  to  pedestals  he  believes  monoliths  of  well-made  concrete  are  the 
best,  and  that  the  specifications  for  cement  in  the  paper  are  eminently 
sensible,  and  calculated  to  produce  good  results.  He  is  prejudiced 
possibly  in  favoring  natural  stone  for  cap  stones,  although  the  author 
seems  to  have  obtained  satisfactory  results  with  artificial  granolithic 
stone.     The  author  lays  great  stress   on  his  manner   of  bolting  his 
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column  to  the  pedestal,  but  in  an  ordinary  standard  joedestal,  there  Mr.  Boiler, 
is  the  weight  of  a  comparatively  small  volume  of  material  above  the 
anchor  washers,  and  were  there  anywhere  near  the  strain  on  the 
bolts  he  imagines,  it  would  have  told  long  since  on  some  of  the 
pedestals  of  the  New  York  and  Brooklyn  roads.  This  idea  of  pull  on 
the  bolts  he  has  derived  from  an  assumption  that  20/^  of  the  live 
load  between  two  adjacent  expansion  points  acts  as  a  horizontal 
thrust.  So  far  as  the  writer  knows  there  are  no  exact  data  on  this  sub- 
ject, but  he  does  not  believe  it  is  anywhere  near  that  figure.  The 
rails,  guards,  etc. ,  are  continuous,  and  distribute  what  thrust  there  is 
over  a  long  distance.  The  author  would  ignore  this  part  of  the 
structure  as  a  distributing  factor,  and  go  to  much  trouble  and  ex- 
pense to  make  the  structure  entirely  independent  of  it.  The  rails  and 
guards  exist,  and  will  do  their  distributing  work,  whatever  it  is,  and 
why  ignore  them?  Many  years  ago,  when  the  original  Greenwich 
Street  line  in  New  York  was  running,  this  question  came  up,  and 
the  late  Milton  Courtwright,  M.  Am.  Soc.  C.  E.,  made  some  experi- 
ments as  to  the  effect  of  braking  trains  on  this,  the  flimsiest,  structure 
ever  built  for  elevated  railway  purposes.  The  writer  does  not  know 
that  these  experiments  were  ever  recorded,  and  doubts  if  they  were 
made  with  any  scientific  refinement,  but  he  remembers  Mr.  Court- 
wright telling  him  that  whatever  horizontal  thrust  the  brakes  pro- 
duced was  so  small  that  it  was  a  matter  of  no  moment,  and  demanded 
no  special  i^rovision. 

Growing  out  of  this  fear  of  horizonal  thrust,  the  author  has  evolved 
a  column  of  heavy  cross-section  necessitating  some  complication  of 
detail.  His  column  is  a  good  one,  of  course,  but  from  magnified  as- 
sumptions of  stress,  he  has  magnified  his  column  beyond  necessary 
requirements.  The  writer  likes  his  idea  of  running  the  columns  past 
the  ends  of  the  cross-girders,  instead  of  simply  resting  the  girders  on 
top  of  the  columns,  when  i^osts  are  on  sidewalks,  also  throwing  in  a 
strut  between  longitudinal  girders  and  column  head,  as  well  as 
solid  plate-girder  corner  brackets.  These  add  much  to  general  stiff- 
ness, and  such  structures  cannot  be  too  stiff. 

The  author  calls  attention  to  rust  conditions  around  the  foot  of 
planted  columns,  but  just  how  this  is  to  be  avoided  it  is  difficult  to 
see.  To  carry  up  the  capstone  above  the  street  surface  sufficiently  to 
remove  the  column  above  moisture  is  impracticable  in  most  cases,  on 
account  of  creating  too  much  obstruction  in  the  streets.  His  idea  of 
filling  the  boxed  space  around  the  column  foot  with  concrete 
amounts  to  little  as  a  protection,  as  no  concrete  ever  made  is  im- 
pervious to  moisture,  and  it  is  impracticable  to  get  intimate  contact 
between  concrete  so  placed  and  the  detail  of  the  metalwork.  Pre- 
sumably the  only  thing  that  can  be  done  is,  before  concreting,  to  plaster 
the  metal  surface  thoroughly  with  cement  mortar,  but  even  such  mor- 
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Mr.  Boiler,  tar  is  only  less  permeable  to  moisture  than  the  concrete.  This  matter 
is  a  serious  one  for  all  such  constructions,  and  the  writer  knows  of  no 
way  of  getting  rid  of  the  diflBculty.  The  nearest  approach  to  protec- 
tion is  the  column  planted  in  a  cast-iron  pocket,  the  neck  of  the  cast- 
ing rising  some  inches  above  the  plane  of  the  roadway  or  sidewalk, 
the  voids  between  columns  and  casting  being  well  grouted  with 
cement.  The  greater  part  of  the  New  York  elevated  construc- 
tion is  of  this  character,  but  coiapled  with  this  form  of  construction 
is  the  difficulty  or  impossibility  of  getting  solid  contact  between  the 
post-end  and  the  bottom  of  the  cast  socket,  which  cannot  be  faced. 
The  writer  would  suggest  in  any  case  a  thorough  priming  of  the 
post  foot  with  the  best  attainable  primer,  which  will  not  corrode  under 
moisture,  and  then  asphalting  with  a  good  natural  asphalt.  In  the 
darkness  and  under  moisture  the  volatile  oils  in  such  asphalt  will 
IJrobably  hold  for  an  indefinite  time.  Asphalted  rails  in  the  tunnel  of 
the  Fourth  Avenue  improvement  have  lasted  well;  the  same  asphalt 
exposed  to  sunshine  soon  becomes  powdery  and  useless. 

As  to  the  use  of  medium  steel  or  soft  steel,  the  writer  is  an  advocate 
of  the  former  as  being  perfectly  reliable,  of  higher  value  and  strain- 
able  to  a  higher  unit.  There  is  a  tendency  toward  the  use  of  soft 
steel,  encouraged  and  promoted  by  the  manufacturers,  as  the  supply 
is  abundant,  and  ease  of  manipulation  in  the  shop  makes  it  cheaper 
to  work.  The  engineer  is  impressed  with  the  arguments  of  the  manu- 
facturer that  he  is  using  a  safer  steel,  and  one  that  will  better  with- 
stand shock.  This  is  all  from  mercantile  interest,  for  can  any  steel 
be  subject  to  higher  shocks  than  rails,  connecting  rods,  driving 
wheels,  etc.,  all  of  steel  of  very  much  higher  carbon  than  any  cou- 
temjalated  for  constructive  purposes,  the  very  hardness  of  which  gives 
it  value  against  deformations.  Steel  must  be  treated  and  manipulated 
according  to  its  quality  and  grade,  and  the  nearer  it  approaches 
homogeneous  iron,  which  so-called  soft  steel  really  is,  the  less  ex- 
pensive is  it  to  work,  and  the  more  desirable  for  the  shoj). 

The  author  is  qiiite  right  in  all  he  says  about  reaming.  All  first- 
class  riveted  work  should  be  reamed,  if  only  for  the  purpose  of  truly 
matching  holes,  and  perfect  work  can  be  attained  only  by  reaming 
through  all  the  parts  assembled  together.  The  use  of  a  tapered  and 
flexible  reamer  should  not  be  allowed,  except  in  some  out-of-the-way 
place  that  a  rigid  drill  cannot  reach,  but  no  prime  joint  or  important 
connection  should  be  designed  so  that  the  rivet  holes  are  inaccessible. 
A  concession  for  punched  holes  in  soft  steel  might  be  made  for  gus- 
sets and  secondary  connections,  but  all  direct  connections,  such  as 
webs  and  flanges,  should  be  reamed  in  any  sort  of  steel  adopted. 
Metal  below  f  to  f  in.  in  thickness  may  be  sub-punched  and  reamed ; 
above  that  thickness,  it  should  be  drilled  from  the  solid. 

As  to  the  choice  between  basic  and  acid  steel,  in  these  davs  there  is 
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not  enough  difference  between  them  to  warrant  a  preference,  except  Mr.  Boiler. 

perhaps  for  eye-bars,  where  acid  steel  is  the  best,  for  the  reason  that 

the  annealing  of  such  bars  causes  such  a  drojD  in  tensile  strength  from 

that  shown  by  the  initial  steel,  that  as  high  a  limit  of  ultimate  strength 

steel  should  be  used  as   is  consistent  with  toughness  and  ductility. 

For  this  purpose  acid  steel,  made  as  it  is  from  the  best  quality  of 

original  stock,  is  the  safest  and  best  to  use. 

The  author  lays  none  too  great  stress  on  painting,  but  it  does  seem 
almost  impossible  to  have  this  well  done,  particularly  the  vital  pri- 
miag  in  the  shops.  The  writer  does  not  think  much,  if  anything, 
would  be  gained  by  oiling  material  in  the  rolling  mill,  as  the  author 
suggests,  for  there  is  much  mill  scale  to  come  off  during  shop  hand- 
ling and  manipulation,  and  such  oil  as  remained  would  interfere  with 
the  primer  getting  in  immediate  contact  with  the  metal.  The  best 
attainable  primer  should  be  emjjloyed,  and  it  should  be  j^roperly  put 
on  under  cover,  and  dry  before  shipment.  Most  work  is  painted  out- 
side with  extreme  carelessness  and  shipped  fresh,  and  between  the 
cutting  of  cinders  from  the  locomotives  and  the  rubbing  of  pieces 
against  each  other,  it  reaches  its  destination  in  a  condition  no  properly 
primed  material  should.  As  good  priming  is  the  essence  of  pro- 
tecting metal  against  rust,  engineers  should  exercise  more  care  in  the 
material  they  use,  and  see  that  it  is  properly  put  on  under  proper 
conditions.  If  economy  is  the  order  of  the  day,  let  it  be  exercised  on 
the  outer  coatings.  Manufacturers  are  not  wholly  to  blame  for  sloppy 
shop  painting,  as  time  for  comjjletion  of  work  is  usually  set  at 
such  a  date  that  the  strain  to  meet  time  expectations  is  intense,  to 
meet  which  work  must  be  shijjped  almost  as  soon  as  the  last  rivet  is 
driven,  and  the  shojD  jDriming  is  done  on  a  sort  of  catch-as-catch-can 
principle.  No  work  ought  to  be  crowded  quicker  than  it  can  be  done 
rightly,  and  engineers,  in  so  far  as  they  can  control,  should  see  to  it 
that  the  time  exacted  can  be  properly  met. 

The  author's  account  of  his  letting,  at  which  certain  manufacturei's 
tendered  on  other  conditions  than  those  asked  for  by  the  specifica- 
tions gives  an  exhibition  of  practices  entirely  too  common.  In  public 
works,  the  law  compels  the  throwing  out  of  such  tenders  as  irregular, 
and  it  ought  to  be  done  in  private  lettings.  It  is  eminently  unfair  to 
other  bidders,  and  derogatory  to  the  right  relation  between  the  engi- 
neer and  contractor.  It  is  highly  imjjertinent  in  a  manufacturer, 
when  asked  to  tender  under  a  certain  si^ecification,  to  ignore  the  re- 
quirements of  the  same,  by  bidding  on  a  basis  that  better  suits  his 
own  shop  facilities,  hoping  to  go  over  the  engineer's  head  by  attract- 
ing the  buyer  with  a  lower  price.  No  self-respecting  engineer  should 
permit  such  an  effort  to  succeed,  and  it  is  refreshing  to  see  that  the 
author  stamped  it  out  in  his  case.  In  making  these  remarks  the 
writer  does  not  wish  to  be  understood  as  belittling  the  knowledge  and 
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Mr.  Boiler,  experiences  of  tlie  shops,  for  miicli  of  the  marvelous  advance  in  con- 
structive engineering  is  due  to  them,  fully  as  much,  if  not  more,  than 
has  been  contributed  by  the  purely  professional  brethren.  But  the 
wise  engineer  will  familiarize  himself  with  shop  facilities  and  ex- 
periences in  details  and  methods  of  construction,  which  every  shop 
accumulates  in  the  course  of  a  business  career  in  contact  with  many 
minds,  out  of  which  he  will  edit,  as  it  were,  the  best  practice  for 
his  own  particular  work.  The  writer  has  not  much  respect  for  the 
engineer  who  tries  to  evolve  everything  from  his  own  inner  con- 
sciousness, oblivious  of  the  many  bright  minds  that  have  added  to 
the  wealth  of  experience  and  jaossibilities.  The  author  has  shown 
great  familiarity  with  the  best  shop  practices  and  modern  ideas  of 
designing,  and  he  has  gleaned  well  from  past  experience  with  an 
enviable  industry  that  became  crystallized  in  such  an  elevated  railroad 
as  he  wanted  to  build.  In  the  face  of  this,  to  have  a  contractor  asked 
to  bid  ujion  that  construction  of  road  come  forward  and  turn  the 
engineer's  plans  down,  endeavoring  to  substitute  some  of  his  own,  for 
purely  commercial  reasons,  advanced  under  cover  of  more  or  less 
technical  speciousness,  was  a  very  high-handed  proceeding.  It  is  cer- 
tainly a  satisfaction  to  know  that  the  parties  fell  into  the  pit  which 
they  dug  for  others.  In  this  connection  the  writer  wishes  to  remark 
that  after  a  work  is  awarded,  it  is  perfectly  proper  to  favor  the 
successful  shop  by  such  modification  of  details  as  may  best  suit  the 
special  facilities  and  conveniences  of  that  shop,  without  sacrificing 
any  general  princii^les.  An  ai'bitrary  adherence  to  a  notion  is  not 
good  business  or  sensible  engineering. 

The  author  concludes  his  paper  with  some  remarks  on  the  aesthetics 
of  designing,  with  an  architecturally  treated  road  as  he  would  like  to 
build  one.  It  is  sincerely  hoped  he  will  not  have  the  opportunity, 
for  if  the  elementary  principle  of  sound  architecture  "  not  to  con- 
struct decoration  but  decorate  construction  "  can  be  violated,  it  has 
been  certainly  accomplished  in  the  design  submitted.  There  is  a 
homely  old  expression,  that  "you  cannot  make  a  silk  purse  out  of  a 
sow's  ear,"  which  fits  here,  for  you  cannot  make  an  architectural 
(aesthetic)  structure  out  of  an  elevated  railroad,  despite  false  arches, 
foliated  column  caps,  or  gargoyles  on  the  ends  of  the  brackets. 
Mr.  Stuart.  A.  A.  Stuakt,  M.  Am.  Soc.  C.  E. — While  the  writer  desires  to  go 
on  record  as  approving  most  of  the  conclusions  reached  by  the  author 
in  evolving  the  various  details  of  construction  described  in  the  jjaper, 
yet  there  are  some  statements  made  and  details  employed  which  he 
feels  are  neither  founded  upon  facts  nor  sustained  by  experience. 
The  initial  statement  that  methods  heretofore  employed  in  designing 
structures  for  elevated  railways  are  radically  wrong  is  rather  too  sweep- 
ing to  be  sustained  by  facts,  nor  is  it  justified  by  a  careful  examina- 
tion of  the  designs  presented  by  the  author,  since  they  do  not  differ 
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in  essential  elements  from  recent  designs  employed  in  other  cities  Mr.  Stuart, 
where  the  limiting  conditions  were  at  all  similar.  There  are  diflferences 
in  some  of  the  details,  but  the  relative  merits  of  these  are  the  subject 
for  debate  rather  than  the  hasty  judgment  that  any  one  is  superior  to 
all  others.  Such  differences  doubtless  will  always  exist,  and  can  well 
do  so  without  subjecting  any  particular  one  to  the  charge  of  being 
radically  wrong.  The  structure  in  Chicago  chiefly  treated  by  the 
author,  being  located  on  projierty  owned  or  controlled  by  the  railway 
company,  made  it  possible  to  emiDloy  the  braced-tower  construction, 
which  has  never  been  applicable  to  the  structures  in  either  New  York 
or  Brooklyn,  because  they  are  located  wholly  in  public  streets.  This 
feature  constitutes  the  only  radical  difference  between  the  author's 
design  and  the  design  of  the  structures  built  in  New  York  or  Brook- 
lyn within  the  past  few  years,  but  its  absence  in  the  latter  certainly 
does  not  warrant  the  statement  or  belief  that  their  design  is  radically 
wrong. 

As  to  the  desirability  of  having  all  rivet  holes  precisely  concentric 
in  members  to  be  united,  there  can  be  no  question  raised,  but  the 
writer's  observation  does  not  lead  to  the  belief  that  the  expense  which 
would  be  entailed  in  securing  this  by  the  method  suggested  by  the 
author  would  be  justified.  The  use  of  riveted  work  in  this  country 
has  been  very  extensive  and  covers  a  long  period,  but  so  far  as  the 
writer  has  been  enabled  to  learn,  the  present  methods  of  manufacture 
employed  by  the  best  shops  have  given  satisfactory  results  under  a 
large  variation  in  service;  hence  any  change  in  those  methods  involv- 
ing so  much  additional  expense  does  not  appear  to  be  warranted. 

In  the  matter  of  Portland  cement,  the  author's  specifications  are 
gravely  inconsistent  in  that  he  exacts  the  best  possible  quality  ob- 
tainable, while  in  the  next  paragraph  a  physical  requirement  is  stated 
which  the  poorest  cement  in  the  market  would  fully  satisfy.  Indeed 
the  wide  latitude  permitted  in  the  tensile  strength  is  of  itself  gen- 
erally regarded  as  unfailing  evidence  of  poor  quality.  The  writer 
makes  special  reference  to  this  here  in  the  hope  that  it  may  at  least 
serve  in  a  small  degree  to  eliminate  such  inconsistencies  or  ambig- 
uous expressions  from  specifications,  believing  that  they  are  the 
most  fruitful  source  of  contentions  and  disputes  between  engineer 
and  contractor. 

As  to  the  track  system  presented  by  the  author,  it  is  almost  identi- 
cal with  that  used  on  the  older  roads  in  New  York  and  Brooklyn, 
which  has  been  much  modified  as  a  result  of  long  experience  on  those 
roads.  The  writer  has  never  been  able  to  conceive  of  any  adequate 
reason  for  using  inner  guard  rails  on  straight  track,  but,  on  the  other 
hand,  will  state  what  he  believes  to  be  several  rational  ones  for  omit- 
ting them.  While  it  is  possible  for  a  derailment  to  occur  on  an  unob- 
structed piece  of  straight  elevated  railway  track,  it  is  a  very  remote 
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Mr.  stuari.  possibility  when  gauged  by  the  fact  that  an  experience  of  twenty-five 
years  on  the  New  York  elevated  railways  furnishes  no  instance  of  such 
an  occurrence.  This  fact  alone  would  seem  to  deny  the  utility  of  these 
guards  in  averting  calamity,  the  only  purpose  for  which  they  are  em- 
ployed. Should  a  derailment  occur,  the  question  arises  whether  the 
outer  guard  rail  does  not  oflfer  ample  security,  if  left  to  act  alone,  in 
preventing  a  truck  from  leaving  the  structure. 

This  is  certainly  true  if  the  four  guard  rails  are  spaced,  as  in  the 
author's  design,  so  as  to  require  each  to  act  independently  instead  of  in 
pairs.  If  inner  guards  are  used  at  all,  they  should  be  so  spaced  that 
opposite  wheels  of  a  derailed  truck  would  encounter  an  inner  guard 
and  the  opposite  outer  one  at  the  same  instant,  and  neither  guard 
should  be  laid  so  near  the  track  rail  as  to  prevent  a  derailed  wheel 
from  dropping  into  the  space,  except,  of  course,  on  curves.  If  the 
inner  guards  are  never  called  upon  to  perform  any  service,  then  their 
use  is  not  justified,  and  they  should  be  omitted  for  the  reason  that 
they  add  additional  perishable  material  to  be  removed,  and  otherwise 
increase  the  cost  of  track  maintenance  by  shutting  out  air  and  sun- 
light from  the  ties,  thus  hastening  their  decay,  and  they  add  much 
difficulty  in  making  repairs  to  track  rails  and  ties.  It  is  a  matter  of 
much  surprise  to  see  the  use  of  short  hook  bolts  revived  by  the  author, 
in  view  of  the  evident  advantages  possessed  by  the  long  hook  bolt, 
which  engages  the  flange  of  girder,  tie  and  outer  guard  rail  in  one 
mechanical  oi^eration. 

Referring  to  the  use  of  treated  timber  in  the  track  system,  the  au- 
thor's conclusions,  not  being  based  upon  facts  developed  by  experience, 
are  very  misleading.  It  is  not  true  that  yellow  i^ine  or  any  other 
timber  used  for  structural  jjurposes  becomes  unfit  for  further  service 
after  7^  years'  use  in  elevated  railway  tracks,  or  even  in  surface  tracks. 
A  very  large  percentage  of  the  timber  laid  in  elevated  railway  tracks 
12  or  15  years  ago  is  still  in  service,  and  will  so  remain  a  number  of 
years.  The  writer  believes  it  to  be  a  safe  assertion  that  its  average 
life  is  quite  15  years  in  such  a  situation,  if  not  destroyed  by  mechanical 
means,  assuming  that  reasonable  care  and  judgment  are  emj^loyed  in 
its  selection.  The  largest  number  of  renewals  made  within  the  first  10 
or  12  years  are  rendered  necessary  by  mechanical  agents  and  not 
chemical  ones.  While  it  is  true  that  the  cost  of  labor  for  renewing  a 
single  tie  averages  about  ^1,  it  is  not  a  fact  that  the  largest  percentage 
of  timber  would  be  renewed  in  this  way,  but  in  continuous  sections, 
where  the  circumstances  would  reduce  the  cost  of  labor  to  a  sum  not 
much  in  excess  of  that  required  for  laying  new  track.  These  facts 
would  materially  alter  the  author's  conclusions  if  incorporated  in  his 
computations  to  ascertain  the  relative  merits  of  treated  and  untreated 
timber. 

From  a  theoretical  standpoint,  the  author's  criticism  of  the  neglect 
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to  proportion  all  columns  for  resisting  flexure  is  fully  justified,  biit  Mr.  Stuart, 
the  writer  has  satisfied  himself  by  careful  observation  that  the  as- 
sumptions usually  made  as  to  the  magnitude  of  stresses  which  the 
columns  will  be  called  upon  to  resist  are  very  much  in  error,  else  few  or 
none  of  the  structures  in  New  York  or  Brooklyn  would  be  standing  at 
the  present  time.  These  structures  themselves  afiford  the  best  and 
most  reliable  evidence  of  their  ability  to  resist  safely  both  longitudinal 
and  transverse  stresses  which  are  brought  into  the  columns,  and  a  careful 
observation  of  their  behavior  imder  conditions  j^roducing  maximum 
stresses  will  fail  to  disclose  any  evidence  whatever  that  they  are  ex- 
cessively strained.  The  writer  has  seen  and  very  carefully  noted  the 
conditions  where  the  transverse  girders  were  cut  entirely  loose  from 
the  columns  over  a  distance  of  nearly  a  quarter  of  a  mile,  the  structure 
being  supported  temporai'ily  on  15-in.  square  timbers  clamped  to  the 
remaining  stubs  of  the  iron  columns,  and  while  in  this  condition  a 
three-minute  interval  train  service  was  maintained  over  the  structure, 
which  is  on  a  2%  grade,  without  producing  any  increased  vibrations 
so  far  as  could  be  detected.*  It  seems  to  the  writer  that,  in  addition 
to  other  interesting  features  involved  in  this  work,  it  furnishes  con- 
firmatory evidence  of  a  very  pronounced  character  that  the  customary 
assumptions  relative  to  lateral  stresses  in  such  structures  are  not  sub- 
stantiated by  facts,  and  it  is  believed  that  much  metal  has  been  wasted 
in  providing  for  stresses  which  appear  to  exist  only  in  the  imagina- 
tion. 

The  cement  finish  used  by  the  author  to  caji  the  concrete  founda- 
tions has  given  very  satisfactory  results  on  Brooklyn  roads  during 
the  jiast  four  years,  but  the  writer  does  not  believe  that  a  mixture  of 
one  part  cement  to  three  parts  of  crushed  granite,  as  described  by  the 
author,  will  give  satisfaction,  either  in  the  matter  of  finish  or  durability, 
since  it  is  too  porous  to  admit  of  good  troweling  and  prevent  disin- 
tegration by  frost.  Indeed,  this  mixture  is  no  richer  in  cement  than  the 
concrete  used  in  the  body  of  the  work  below  the  frost  line,  where  it  is 
protected  from  abrasion  and  the  unit  pressure  is  very  much  less  than 
immediately  under  the  columns. 

Albert  A.  Teocon,  M.  Am.  Soc.  C  E. — The  author  says  that  Mr.  Trocon. 
"there  is  no  bridge  shop  in  existence  which  can  turn  out  truly  first- 
class  work  without  sub-punching  and  reaming  or  drilling."  The 
writer  thinks  there  are  a  great  many  shops  that  can  do  so,  or  rather 
that  all  of  them  worthy  of  the  name  can,  if  the  proper  care  is  taken. 
The  care  required  to  do  this  is  much  less  trouble  than  that  caused 
by  having  to  sub-punch  and  ream.  The  writer  knows  that  in  the  shop 
with  which  he  is  connected,  the  punching  is  usually  done  so  accurately 
that  very  little  or  practically  no  drifting  is  required.  When  the  holes 
did  not  match,  it  was  generally  found  to  be  the  fault  of  the  laying  ofi", 
*  See  TVansactions,  Vol.  xxxii,  p.  363. 
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Mr.  Trocon.  and  in  these  cases  reaming  would  have  been  of  no  avail,  as  the  holes 
were  too  far  apart  to  be  remedied  in  that  manner. 

The  idea  that  rivets  cannot  be  driven  so  as  to  fill  the  holes  com- 
pletely when  the  latter  are  punched  only,  and  they  are  left  of  slightly 
varying  diameters,  seems  to  the  writer  erroneous,  especially  where  the 
rivets  are  machine  driven,  which  is  the  universal  method  in  bridge  and 
structural  work,  except  in  the  few  places  where  they  cannot  be  reached, 
by  a  riveter.  He  has  quite  often  seen  specimens  of  riveted  work,  with 
holes  launched  only  and  not  reamed,  sawed  through  the  center  of  the 
rivets,  where  they  so  completely  filled  the  holes  that  it  was  difficult  to 
distinguish  the  lines  separating  the  rivets  from  the  balance  of  the  ma- 
terial. Some  of  these  specimens  contained  five  or  six  plates  riveted 
together.  The  writer  thinks  that  most  manufacturers  will  concur  in. 
his  views.  If  it  is  the  case,  then,  that  holes  can  be  made  to  match  so 
perfectly  by  pimching  without  reaming  that  there  will  be  no  trouble 
in  making  the  rivets  enter  into  their  places,  what  is  the  use  of  requir- 
ing manufacturers  to  sub-jDunch  and  ream  (when  launching  alone  does 
not  injure  the  material),  thereby  causing  an  extra  expense  of  from  0.1 
to  0.25  cent  per  pound  ?  The  writer  thinks  it  good  practice  to  ream 
holes  for  field  connections,  as  this  facilitates  erection,  but  not  other- 
wise, unless  in  steel  so  hard  that  there  is  danger  of  cracking  the  mate- 
rial in  pimching.  He  is  not  so  sure,  however,  that  this  is  required, 
even  for  medium  steel,  and  certainly  not  for  soft  steel.  The  fact  that 
most  manufacturers  do  not  like  to  ream  work,  as  acknowledged  by  the 
author,  goes  to  show  that  they  da  not  think  it  necessary,  and  that  they 
can  do  good  work  without  it,  as  they  otherwise  would  certainly  rather 
ream  their  work  and  get  i^aid  extra  for  it  than  punch  it  unevenly  and 
have  to  drift  excessively,  which  would  cost  them  almost  as  much  as 
reaming,  and  for  which  they  would  not  be  paid. 

Another  point  the  writer  does  not  believe  in  is  that  "every  column 
ought  to  be  anchored  so  firmly  to  the  pedestal  that  failure  by  over- 
turning or  rupture  would  not  occur  in  the  neighborhood  of  the  foot, 
if  the  bent  were  tested  to  destruction."  He  does  not  believe  in  it  be- 
cause it  is  impossible  to  accomplish  it  without  a  great  deal  of  extra 
exjiense,  and  in  some  cases  it  is  impossible  any  way.  All  columns 
should  be  well  anchored,  so  well  as  to  resist  all  shear  coming  against 
their  bottoms  and  to  resist  tension  if  there  is  any.  He  thinks  it  prefer- 
able to  treat  the  column  as  free  at  the  bottom  and  increase  the  section 
in  figuring  for  bending  efi'ects  of  longitudinal  and  transverse  thrusts 
than  to  treat  it  as  fixed  and  attempt  to  build  it  as  such.  It  is  doubt- 
ful whether  the  cost  would  be  any  more  that  way,  in  most  cases,  than 
with  the  anchors  proposed  in  the  paper,  and  the  column  cannot  really 
be  made  continuous  except  by  running  it  down  and  imbedding  it  in 
the  concrete  for  a  considerable  distance,  which  would  be  very  expen- 
sive and  in  many  cases  an  impossibility.     Again,  there  are  cases  where 
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the  columns  have  no  bending  to  take  care  of,  when  it  would  mani-  Mr.  Trocon. 
festly  be   a   waste  of   money   to    anchor  them   so    as  to  make  them 
continuous. 

Wm.  Babclat  Parsons,  M.  Am.  Soc.  C.  E. — An  elevated  railroad,  Mr.  Parsons. 
if  built  along  a  street,  should  be  designed  i^rimarily  from  the  point  of 
view  of  the  users  of  the  street  and  not  from  the  point  of  view  of  the 
railroad.  A  street  is  not  a  proper  place  for  fast-running,  power- 
driven  railways.  Such  railways  can  be  better  built  for  their  own  uses 
on  right  of  way  to  be  acquired  for  the  purpose,  and  when  so  built  can 
be  more  satisfactorily  ojierated.  If  for  any  reasons  it  is  necessary  to 
use  a  street,  and  the  abutting  owners  and  the  users  of  the  street  sur- 
face are  made  to  suffer  pro  bono  publico,  the  greatest  consideration  in 
the  design  should  be  shown  for  their  convenience. 

A  design  for  an  elevated  railroad,  apart  from  meeting  the  require- 
ments of  a  bridge  structure,  as  laid  down  by  the  author  in  his  points 
F  to  0,  under  the  head  of  designing,  should  conform  to  the  following 
general  requirements  : 

First. — It  should  occupy  as  little  of  the  street  as  possible. 
Second. — Its  columns  should  be  jjlaced  so  as  not  to  interfere  with 
vehicular  traffic. 

Third. — It  should  give  the  minimum  obstruction  to  the  passage  of 
light. 

Fourth. — It  should  be  noiseless,  or  as  near  as  it  can  be,  to  the  jjas- 
sage  of  trains. 

Fifth. — The  tracks  should  be  placed  preferably  over  the  center  of 
the  street  and  not  over  the  sidewalks,  so  that  the  drip  in  wet  weather 
will  fall  upon  the  tops  of  vehicles  rather  than  upon  pedestrians. 
Sixth. — The  structure  should  be  inoffensive  to  the  eye. 
Strict  economy  in  the  design  should  be  the  last  point  to  be  con- 
sidered, and  therefore  the  spacing  of  the  girders,  both  longitudinally 
and  laterally,  should  be  made  to  conform  to  local  requirements.  In  or- 
der not  to  interfere  with  street  travel,  longitudinal  and  cross  bracing 
between  the  columns,  except  at  a  clear  height  of  12  ft.  above  the  sur- 
face of  the  street,  is  not  possible.  The  ordinary  heights,  such  as  are 
to  be  found  in  elevated  railroads,  preclude  any  such  bracing,  and 
therefore,  the  only  stiffening  that  can  be  given  either  longitudinally 
or  laterally  is  by  means  of  corner  brackets.  The  author  points  out 
very  carefully  the  necessity  for  both  longitudinal  and  lateral  stiffness, 
and  states  that  all  elevated  railroads  as  at  present  designed  are  merely 
examples  of  what  not  to  do.  Had  he  gone  into  a  criticism  of  these 
awful  examples,  he  would  probably  have  mentioned  their  lack  of  stiff- 
ness as  one  of  their  chief  defects. 

The  writer  some  years  ago  had  occasion  to  investigate  jjersonally 
the  movement  of  New  York  elevated  railroads  under  passing  trains, 
which  he  did  by  means  of  a  transit.     He  was  surprised  to  find  that  on 
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Mr.  Parsons,  curves  there  was  no  movement  perceptible  beyond  vibrations.  This, 
however,  was  not  the  case  with  respect  to  longitudinal  movement.  At 
jioints  near  stations  when  the  approaching  trains  ai^jilied  brakes,  the 
whole  structure  would  move  forward  perceptibly.  The  instant  that 
the  brakes  were  released,  although  the  train  might  still  be  in  motion, 
the  structure  would  go  back  beyond  its  original  position  and  then 
move  forward  beyond  the  vertical  hair  of  the  transit,  and  back  again 
before  coming  to  rest. 

Of  the  various  designs  submitted  by  the  author  for  two-track  struct- 
ures, the  writer  prefers  No.  8,  where  the  outer  stringers  are  in  line 
with  the  columns.     The  objection  urged  by  the  author  to  this  design 


Fig.  33. 
in  regard  to  the  bending  of  the  cross-girders  appears  to  the  writer  to 
be  slight.  Unless  a  column  can  be  placed  directly  beneath  the  track, 
with  stringers  balanced  about  it,  one  stringer  or  the  other  will  period- 
ically be  depressed  slightly  more  than  its  mate.  There  is  the  advan- 
tage, however,  of  making  at  least  one  good  connection,  and  of  being 
able  to  introduce  longitudinal  brackets,  which,  like  portal  braces,  can 
take  uj)  strain  or  movement. 

The  plans  which  the  writer  has  prepared  for  the  Eapid  Transit 
Commission  of  New  York  include  two  designs  for  elevated  railroads, 
one  a  high  one  across  what  is  known  as  Manhattan  valley,  2  800  ft.  in 
length,  and  the  other  an  ordinary  structure.     These  designs  are  shown 
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in  Figs.  33  and  34.  In  the  high  one  provision  is  to  be  made  for  four  Mr.  Parsons, 
tracks  eventually,  but  only  the  two  outer  ones  to  be  constructed  im- 
mediately. The  intertrack  space  is  to  be  utilized  for  island  platforms. 
On  account  of  the  height,  55  ft.,  the  structure  in  side  elevation  ha^ 
been  divided  into  alternating  long  and  short  spans  with  the  towers 
rigidly  braced.  The  design  for  the  lower  structure  follows  the  gen- 
eral lines  of  the  author's  Design  8,  lateral  and  longitudinal  stiffness 
being  supplied  by  the  curved  brackets. 

The  author  speaks  of  making  elevated  railroads  pleasing  to  the 
sight.  That  is  an  exceedingly  difficult  matter,  if  not  impossible,  un- 
less the  straight  lines  of  utilitarianism  aided  by  the  details  of  good 
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Fig.  34. 


workmanship,  can  add  beauty.  Any  built-up  ornamentation,  as  in 
the  aesthetic  designs  submitted  by  the  author,  will  tend  to  still  more 
darken  and  injure  the  street,  and  therefore  by  doing  harm  cannot  be 
beautiful.  It  is  to  be  remembered  that  true  ornamentation  should 
conform  to,  or  suggest,  the  purpose  of  the  whole,  and  the  designs  pro- 
posed by  the  author,  while  furnishing  perhaps  a  pretty  passageway  to 
a  ball  room,  do  not  in  their  details,  esjaecially  in  the  loose  and  fes- 
tooned hand  rail,  seem  to  the  writer  as  in  keeping  with  a  railway. 
The  author  has,  however,  done  a  good  thing  in  calling  attention  to  the 
needless  ugliness  of  most  of  our  structures.     That  possibly  the  simp- 
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Mr.  Parsons,  lest  details  are  tlie  best  is  exemplified  in  the  Stadtbalin  in  Berlin, 
"wliere  the  Germans,  although  lavishly  ornate  in  most  of  the  design, 
were  much  restrained  in  treating  the  metal  elevated  way.  The  columns 
are  small,  so  as  not  to  take  up  space,  and  of  cast  or  wrought  iron.  In 
either  case  the  decorations  are  in  keeping  with  the  metal.  The  sup- 
liorting  stringers  are  usually  a  plate  girder  construction,  and  paneled 
between  the  stifi'eners.  The  details  of  construction  show  care  in  exe- 
cution and  design.  The  side  walls  are  bracketed  out  and  so  cast  a 
deep  shadow.     The  whole  is  pleasing  to  the  eye. 

Mr.  Greiner.  J.  E.  GreineS,  M.  Am.  Soc.  0.  E. — The  design  of  an  engineering 
structure  necessarily  admits  of  a  variety  of  means  to  accomjilish  the 
jjurjjose  intended,  and  the  personal  selection  of  any  i^articular  means 
does  not  imply  that  the  preference  is  positively  the  best,  or  that  a 
modification  or  different  arrangement  proposed  by  some  other  individ- 
ual could  not  be  equally  as  good.  Therefore,  while  the  author  has 
jjointed  out  what  he  considers  the  best  cement,  paint,  span-lengths, 
dimensions  of  track  rails,  arrangement  of  wooden  floor,  material  for 
pedestal  caps,  style  of  anchors,  sections  for  columns,  style  of  expan- 
sion joints,  etc.,  the  selections  made  are  to  be  understood  as  only  the 
best  which  his  judgment  dictates,  and  not  as  yet  definitely  settled  by 
either  common  concurrence  or  the  ballot  box.  As  this  is  a  matter  of 
individual  judgment  and  opinion,  a  discussion  would  be  useless;  but 
the  writer  would  really  like  to  know  why  one  coat  of  linseed  oil,  one 
coat  of  Eureka  paint,  and  one  coat  of  oxide  paint,  all  on  the  same 
structure,  are  considered  the  best  metal  paints  to  adopt.  There  must 
be  some  reason  for  this  variety. 

The  question  raised  concerning  the  use  of  the  basic  process  for 
steel  of  a  medium  grade  is  an  important  one,  as  it  is  the  tendency  of 
the  mills  throughout  the  country,  at  the  jjresent  time,  to  make  jast  as 
little  acid  oiDen-hearth  steel  as  they  possibly  can.  Basic  open-hearth 
metal,  when  over  60  000  or  61  000  lbs.  ultimate,  is  not  so  uniform  in 
quality  and  probably  not  so  trustworthy  as  the  acid  steel,  which  must 
be  made  from  a  suijerior  grade  of  ore,  and  the  mills  would  always 
prefer  to  furnish  the  basic,  which  can  be  charged  with  cheap  ores. 

There  is  also  a  tendency  at  the  present  time  among  the  different 
bridge  shops,  even  those  of  the  highest  standing,  to  under-rate  the 
value  of  reaming  and  drilling  a  medium  grade  of  steel.  Of  course  all 
can  understand  that  the  object  of  the  bridge  shop  is  to  manufacture  a 
bridge  just  as  cheaply  as  it  can  be  done  to  the  satisfaction  of  the  buyer. 
If  it  can  induce  the  buyer  to  avoid  reaming  or  drilling,  or  planing 
sheared  edges,  it  can  complete  its  work  at  a  somewhat  less  cost.  It 
should  not  be  censured  when  some  of  the  most  recent  specifications 
allow  this  gi-ade  of  steel  to  be  used  in  the  most  important  bridge 
structures  at  a  higher  unit  stress  than  usual  for  soft  steel,  without  re- 
quiring a  better  class  of  work.  Personally  the  writer  can  see  no  reason 
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why  a  higher  unit  stress  should  be  allowed  for  medium  steel  than  for  Mr.  Greiner. 
a  soft  steel,  if  both  grades  are  to  be  subjected  to  precisely  the  same 
treatment  in  the  shops.  If  higher  stresses  be  allowed  for  medium 
steel,  then  something  more  is  required  than  merely  an  increased  ulti- 
mate strength  and  an  increased  elastic  limit,  and  any  specifications 
which  increase  the  unit  stress  for  a  medium  steel,  without  at  the  same 
time  providing  for  the  necessary  precautions  to  insure  accurate  work- 
manship and  removal  of  incipient  cracks,  are  taking  a  stand,  which, 
while  probably  sanctioned  by  the  manufacturers  whose  interest  it  is  to 
cheapen  work,  should  not  meet  with  the  approval  of  engineers  who 
count  on  every  square  inch  of  section  in  their  structures  as  available 
material  undamaged  by  shop  manipulation.  Soft  steel,  that  is,  steel 
between  52  000  and  60  000  lbs.,  can  be  treated  just  the  same  as  iron  up 
to  a  certain  thickness  was  treated.  This  is  generally  admitted.  The 
metal  flows  easily,  it  is  not  liable  to  crack  and  will  stand  an  immense 
amount  of  abuse,  and  if  the  shoj}  punching  is  fairly  well  done  and  all 
important  field  connections  matched  in  the  shop  and  reamed,  there  is 
no  doubt  but  that  the  result  will  be  a  first-class  structure. 

What  argument  can  be  advanced  which  will  justify  the  use  of  a 
harder  metal  at  a  higher  unit  stress  than  allowed  for  soft  steel  when 
this  harder  material  has  nothing  in  its  favor  except  a  little  higher 
ultimate  and  a  little  higher  elastic  limit '?  It  is  inferior  in  ductility,  it 
is  more  apt  to  be  brittle,  it  will  not  stand  the  same  amount  of  drifting, 
bending  or  other  abuse  usually  required  for  soft  steel,  and  it  is  in- 
jured to  a  greater  extent  than  soft  steel  by  punching  and  other  rough 
shop  work.  When  using  a  harder  steel  with  a  higher  unit  stress  engi- 
neers should  insist  upon  treatment  and  workmanship  which  will 
minimize  abuse,  and,  as  the  author  states,  there  is  no  bridge  shop  in 
existence  which  can  turn  out  thoroughly  first-class  work  without 
reaming  or  drilling. 

The  probability  of  increased  train-loads  in  the  future,  and  an  occa- 
sional blow  from  derailment,  and  the  continual  vibration  due  to  fast 
speed,  all  have  a  tendency  to  develop  flaws  or  defects  invited  by  rough 
workmanship.  This  development  may  not  take  place  to-day  or  to- 
morrow, but  who  can  say  that  it  will  not  occur  the  day  after  ?  Precau- 
tions taken  in  the  interest  of  safety  should  not  be  sacrificed  for  the 
sake  of  a  very  small  fraction  of  a  cent  per  pound. 

In  this  connection  the  writer  desires  to  state  that,  while  at  the  pres- 
ent time  he  is  using  both  soft  and  medium  steel,  the  former  treated 
same  as  iron  and  worked  with  a  low  unit  stress,  the  latter  reamed  or 
drilled  and  a  higher  unit  stress  used,  he  believes  that  should  he  have 
occasion  to  renew  his  1896  specifications,  he  would  specify  but  one 
grade  of  steel,  having  60  000  lbs.  ultimate  with  a  variation  of  5  000  lbs. 
more  or  less.  He  would  use  soft  steel  unit  stresses  for  ordinary 
bridges,  and  work  the  steel  without  drilling  or  reaming  except  in  im- 
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Mr.  Greiner.  portant  connections.  For  bridges  having  spans  of  250  ft.  or  more,  he 
wouhl  iise  higher  unit  stresses,  and  ream  or  drill  all  holes,  and  would 
consider  that  the  benefit  derived  from  the  more  accurate  workmanship 
would  justify  the  increased  unit  stresses  for  jjrecisely  the  same  grade 
of  material. 
Mr.  Belknap.  W.  E.  Belknap,  Assoc.  M.  Am.  Soc.  C.  E. — Taking  up  Section  3  of 
the  jjaper,  which  is  headed  "The  Best  and  Cheapest  Kind  of  Portland 
Cement  to  Adopt,  and  the  Best  Proportions  for  Concrete  made  with 
Same,"  it  will  be  found  that  in  the  specifications  for  the  "  best  quality 
obtainable  "  of  Portland  cement,  the  requirements  for  neat  tensile 
strength  for  twenty-eight  days  are  400  lbs.  per  square  inch.  The 
specifications  read,  "from  400  to  600  lbs.,"  but  the  minimum  limita- 
tion alone  carries  weight.  The  writer  ventures  to  assert  that  there  are 
quite  a  number  of  high-class  domestic  Portlands  that  will  run,  not  only 
above  400,  but  far  above  600  lbs.  on  a  28-day  test,  and  that  it  would 
be  the  common  opinion  among  engineers  that  such  cements  would 
be  much  better  than  a  400-lb.  cement.  The  same  criticism  is  appli- 
cable to  the  requirements  for  sand  briquettes.  The  writer  has  no 
intention  of  sviggesting  the  requirements  for  "best"  Portland  ce- 
ment, but  is  of  the  oiiinion  that  while  the  author's  recommendations- 
might  secure  the  cheapest,  they  certainly  do  not  assure  the  best. 

The  value  of  stating  a  requirement  which  ranges  between  limits 
from  50  to  150/^  of  the  minimum  apart  is  difficult  to  discern.  Speci- 
fications should  as  much  as  possible  avoid  comiDelliug  verbal  explana- 
tion. If  the  engineer's  minimum  limit  for  a  certain  quality  is  fixed  in 
his  own  mind,  he  should  state  it  explicitly  and  adhere  to  it.  A  dealer 
supplying  600-lb.  cement  does  not  ordinarily  place  himself  in  compe- 
tition with  a  400-lb.  article;  audit  is  quite  apj^arent  that  under  the  last 
clause  of  these  specifications,  to  secure  the  chief  engineer's  approval 
of  his  own  brand  as  a  "  best "  cement  with  any  meaning,  he  must  also 
secure  the  disapproval  of  400-lb.  brands.  These  are  specifications 
which  do  not  specify. 

With  respect  to  the  author's  suggestions  concerning  concrete  for 
i:)edestals,  the  writer  is  of  the  opinion  that  with  either  graded  or  uni- 
form-size stone,  the  voids  of  the  same  can  be  filled  with  mortar  in  a 
one-three-six  mixtiare,  and  that  this  is  more  dependent  on  the  manipu- 
lation and  subsequent  consolidation  of  the  concrete  in  place  than  on 
grading  the  stone  very  carefully  and  thoroughly  mixing  the  various 
sizes,  each  of  which  precautions  would  probably  cost  considerable, 
were  they  literally  carried  out  as  the  author  suggests. 

Mr.  W.  M.  Patton,  in  his  "Civil  Engineering,"  gives  the  voids  in 
concrete  stone  as  follows: 

Uniform  size— 2i-in.  ring 37.07% 

2     "      "     39.50% 

U  "      "     42.00% 
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Mr.  A.  W.  Dow,  in  the  '•  Report  of  Engineer  Commissioner  of  Dis-  Mr.  Belknap, 
trict  of  Columbia,  for  1896,"  gives  the  voids  as  follows: 

Average  concrete  bluestone 45 .  S% 

Coarse  concrete  stone  45 .  S% 

Mixture  of  1  part  average  concrete  stone,  1  part  small 

gravel 35.5% 

Mixture  of  2  parts  average  concrete  stone,  1  part  small 

gravel 36.7%" 

Mixture  of  3  parts  average  concrete  stone,  1  jsart  grano- 
lithic bluestone 39 . 5% 

Gravel,  "  average  gravel  " 29 .  S% 

William  M.  Black,  M.  Am.  Soc.  C.  E.,  in  "  United  States  Public 
Works,"  gives  the  voids  in  screened  and  washed,  piled  loose,  concrete 
stone  passing  a  2-in.  ring,  as  46.5  per  cent.  The  writer  has  found  the 
voids  in  washed  gravel  of  mixed  sizes  running  from  2^  to  |  in.  to  be 
41.0  per  cent. 

It  will  be  noted  that  in  none  of  these  cases  do  the  voids  amount  to- 
50  per  cent.  Theoretically,  therefore,  in  a  one-three-six  mixture  the 
mortar  would  be  in  excess  of  the  amount  reqiiired  to  fill  the  voids.  In 
the  relation  of  mortar  to  stone  this  mixture  is  almost  practically  the 
same  as  a  one-two-four  mixture,  with  which  the  writer  has  experienced 
no  difficulty  in  the  matter  of  filling  the  voids  without  taking  either  of 
the  precautions  referred  to. 

While  it  apparently  stands  so  in  the  paper,  the  writer  does  not  be- 
lieve that  the  author  recommends  an  "  eminently  slow-setting  cement  " 
for  concrete  to  be  deijosited  under  water. 

A  combination  of  Sections  5  and  12  of  the  paper  leads  the  reader  to 
infer  that  the  only  timber  used  was  "vulcanized  "  long-leaf  yellow  pine 
passing  "clear"  inspection.  It  is  difficult  to  conceive  that  a  railroad 
company  would  countenance  the  gross  extravagance  of  using  the  most 
costly  grade  of  timber  when  the  preservative  ti'eatment  of  cheaper  grades 
would  give  an  article  much  more  economical.  The  claims  of  economy 
set  forth  by  the  various  preservative  companies  are  based  in  a  large 
l^art  on  the  probability  of  making  the  inferior  grades  of  timber  more 
durable  than  the  higher  grades.  In  relation  to  "Vulcanizing,"  it 
may  be  pertinent  to  quote  from  a  publication*  of  the  Division  of 
Forestry,  Dejiartment  of  Agriculture.  In  this  i^rocess  it  is  claimed 
that  "the  chemical  condition  of  the  sap  may  be  changed  into  a  preser- 
vative composition"  by  heating  the  timbers  to  "from  300^  to  500° 
Fahr.  iinder  air  pressure  of  100  to  175  lbs.  per  square  inch  ";  or  "by 
substituting  a  vacuum  for  the  pressure  and  a  low  temperature  to  efiect 
the  same  result,  namely,  to  '  vulcanize '  the  wood.  There  is  no 
knowledge  of  the  physiology  or  character  of  wood   to   sustain   the 

*  "Bulletin  No.  9,  1894."  p.  243. 
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Mr.  Belknap,  claim  of  tlie  lihvsical  change,  nor  lias  the  material  been  long  enough 
on  trial  to  jirove  by  experience  the  value  of  the  process.  Tests  of 
treated  and  untreated  material  of  such  nature  as  to  make  the  material 
comparable  otherwise,  made  by  the  Forestry  Division,  did  not  show 
any  increase  in  strength,  as  claimed,  nor  any  chemical  or  jjhysical 
changes." 

In  view  of  this  statement  of  the  Forestry  Division,  which  must  be 
given  considerabla  authority  in  such  matters,  such  data  and  tests  as 
the  author  may  have  contradictory  to  the  preceding  would  be  not  only 
interesting  but  very  valuable,  particularly  as  his  figures  demonstrate 
a  large  economy  on  the  assumption  of  the  process  being  efficient. 
Mr.  Cowles.  W.  L.  CoTVT>ES,  M.  Am.  Soc.  C.  E.— The  paper  is  a  valuable  contri- 
bution to  the  literature  on  this  subject,  and  is  especially  commendable 
in  calling  attention  to  the  defects  in  existing  structures,  and  in  laying 
down  the  broad  principle  that  an  elevated  railroad  should  be  eqiial  in 
all  respects  to  the  best  class  of  railroad  bridges.  It  would  seem  that 
this  proi30sition  should  need  no  argument,  for,  as  the  author  says,  the 
service  of  the  structure  is  much  more  constant  than  that  of  most  rail- 
road bridges,  and  the  maximum  load  effect  is  more  frequently  reached, 
while  the  successive  starting  and  stopping,  with  the  attendant  longi- 
tudinal thrust  caused  by  the  braking,  calls  for  special  rigidity  in  its 
design  and  the  best  of  shop  work  in  its  execution.  Surely  any  acci- 
dent which  might  occur  through  faulty  design  or  construction  would 
not  be  attended  with  less  serious  results  than  a  similar  accident  to  a 
railroad  bridge,  while  the  possibilities  of  disaster  as  affecting  adjoin- 
ing property  and  loss  of  life  in  streets,  through  a  collapse  of  an 
elevated  structure,  furnish  additional  reason  for  thoroughness. 

The  selection  of  material  made  by  the  author  was  doubtless  in 
accordance  with  the  results  of  his  careful  investigation,  and  seems  to 
have  been  determined  upon  as  giving  the  most  economical  construction 
upon  the  basis  of  universal  reaming.  There  is  probably  little  ques- 
tion as  to  the  benefit  accruing  from  re  aming  all  holes  in  medium  steel 
for  the  purpose  of  insuring  solid  metal  around  the  holes,  but  the 
writer  is  not  yet  prepared  to  accept  the  statement  made  by  the  author 
that  all  material  should  be  so  treated.  The  author  is  quite  correct  in 
holding  that  even  in  the  best  shops  it  is  impracticable  to  jjunch  holes 
to  match  perfectly,  and  there  is  certainly  advantage  in  the  riveting  if 
the  component  parts  of  members  are  so  assembled  that  all  rivets  will 
eoiter  the  holes  freely,  but  this  object  can  be  attained  by  the  use  of  the 
tapered  flexible  reamer  to  which  he  refers.  This  he  admits,  but  con- 
tends that  in  such  holes  the  rivets  will  not  completely  fill  out,  and  will 
therefore  not  act  effectively.  Thfe  writer  understands  that  reference  is 
made  to  long  members,  such  as  chords  and  posts  of  a  bridge  or 
columns  of  a  building,  and,  as  applied  to  such  members,  which  con- 
stitute a  large  proportion  of  the  work  of  most  shops,  he  does  not 
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accept  the  force  of  the  argument.     The  effective  action  of  rivets  in  the  Mr.  Cowles. 

body  of  such  members  does  not  depend  upon  the  complete  filling  of 

the  holes  so  much  as  upon  the  formation  of  full  heads,  well  closed 

down  upon  the  surface  of  the  steel,  since  the  office  of  the  rivet  is  not 

to  transmit  shear,  but  to  hold  the  component  parts  of  the  members 

tightly  together,  so  that  the  strength  of  the  unsupported  portions  of 

any  part  may  in  no  case  be  less  than  the  strength  of  the  member  as  a 

whole.     The  rivets  in  reinforce  or  pin  plates,  in  brackets  on  columns, 

in  the  ends  of  the  flanges  of  girders,  and  in  all  positions  where  the  full 

efficiency  of  the  rivets  in  shear  is  required,  should  completely  fill  the 

holes,   but  such  rivets  ordinarily  occur  only  in  comparatively  small 

small  portions  of  a  member,  and  the  comiaonent  parts  can  generally  be 

so  adjusted  that  these  holes  will  come  fair,  leaving  what  mismatching 

there  may  be  to  come  in  a  part  of  the  member  where  the  rivets  are  not 

in  shear,  and  Avhere  the  flexible  reamer  will  accomplish  all  that  is 

necessary. 

The  writer  is  in  favor  of  reaming  all  holes  for  field  connections, 
especially  where  the  number  of  holes  is  large  or  the  connection  com- 
plicated, and  does  not  intend  to  argue  for  poor  workmanship  or 
careless  punching,  but  is  of  the  opinion  that  while  there  may  be  a 
satisfaction  in  the  consciousness  that  work  is  nicely  done,  the  extra 
expense  involved  in  the  sub-punching  and  reaming  of  all  holes  in  soft 
steel  and  iron  is  not  commercially  justified  by  any  benefit  derived 
therefrom.  He  does  not  believe  that  metal  work  constructed  of  such 
material,  carefully  punched  and  assembled  and  well  riveted,  can 
properly  be  excluded  from  the  term  "  first-class  work." 

A.  C.  Cunningham,  M.  Am.  Soc.  C.  E. — Within  the  recollection  of  Mr.  Cunning- 
most  members,  when  an  engineer  desired  to  build  a  structure  of  steel, 
it  was  only  necessary  for  him  to  specify  "  steel  "  of  certain  physical 
properties.  That  he  would  obtain  the  product  of  the  Bessemer  con- 
verter was  assured,  for  there  was,  at  first,  no  choice  or  alternative. 
Some  of  these  first  specifications  are  in  use  to-day  with  few  or  no 
changes  of  importance,  though  far  better  steel  is  furnished  under 
them  than  they  were  originally  intended  to  cover,  owing  to  improve- 
ments in  manufacture  and  increased  knowledge. 

Some  of  this  early  Bessemer  steel,  high  in  phosphorus  and  sulphur, 
overdosed  with  manganese,  and  filled  with  oxide  of  iron,  would  to-day 
be  branded  as  a  villainous  mess.  Of  the  structures  made  of  this  steel, 
many  have  been  taken  down,  some  have  fallen  down,  and  the  balance 
will  come  down  in  some  way  in  the  course  of  time. 

Eugineers  who  were  using  steel  presently  had  their  attention  called 
to  another  process  than  the  Bessemer  by  which  a  better  and  more  de- 
sirable product  could  be  made,  and  which,  by  the  time  it  reached  the 
structural  engineer,  had  become  generally  known  as  open-heax'th  steel. 
Where  the  best  results  were  of  more  importance  than  the  actual  cost, 
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Mr.  Cunning-  open-heartli  steel  was  now  specified,  and  those  whom  necessity  still 
compelled  to  use  Bessemer  steel  made  their  specifications  to  read 
Bessemer  or  open-hearth  steel,  with  little  or  no  hope  of  getting  the 
latter. 

The  deadly  enemies  of  iron  and  steel  have  always  been  and  always 
will  be  phosphorus  and  sulphur.  Owing  to  the  much  greater  cost  of 
manufacture  of  the  early  open-hearth  steel  over  Bessemer  steel,  a 
much  better  melting  stock,  lower  in  jihosphorus  and  sulphur,  could 
be  used  for  the  former  without  much  increasing  its  cost,  and  to  this 
superior  melting  stock  was  largely  due  the  superiority  of  the  open- 
hearth  steel. 

The  superiority  of  open-hearth  steel  to  Bessemer  being  partly  due 
to  improved  methods  which  largely  increased  its  cost,  and  partly  due 
to  the  use  of  a  better  stock  which  did  not  much  increase  its  cost, 
manufacturers  of  open-hearth  steel  at  once  called  attention  to  this 
superiority  of  composition  in  advocating  their  jDroduct.  Kecognizing 
both  advantages,  the  engineer  who  could  not  avail  himself  of  the  first 
took  advantage  of  the  second  and  began  to  put  limits  on  the  dangerous 
elements  in  Bessemer  steel,  rightly  inferring  that  what  would  improve 
the  one  kind  would  improve  the  other.  These  first  chemical  limits 
for  structural  steel  were  quite  generally  confined  to  phosphorus. 

Having  discovered  that  phosphorus  and  sulphur  could  be  neither 
utilized  nor  neutralized  to  any  extent  in  steel,  the  steel-maker  next 
turned  his  attention  to  eliminating  these  troublesome  elements,  with 
the  happy  result  of  developing  the  basic  process  of  steel  making.  The 
mechanical  differences  between  the  basic  and  the  older  processes  are 
slight,  the  chemical  differences  are  great.  Being  made  in  the  same 
kinds  of  furnaces  and  converters  as  the  older  steels  this  new  product 
needed  only  a  qualification  to  have  a  name,  and  was  quite  naturally 
called  basic  Bessemer  and  basic  ojjen-hearth  steel. 

The  acceptance  of  these  terms  made  at  once  a  family  name  of 
Bessemer  and  open-hearth,  and  the  originals  were  christened  acid 
Bessemer  and  acid  open-hearth.  Specifications  reading  Bessemer 
steel  or  open-hearth  steel  were  no  longer  definite,  since  Bessemer  and 
open-hearth  steels  could  each  be  made  by  either  the  acid  or  basic 
process. 

The  original  open-hearth  steel,  now  called  acid  open  hearth,  is 
made  by  a  comparatively  simple  process.  The  hearth  of  the  furnace 
is  lined  with  silica,  whence  the  name  acid,  and  on  this  is  placed  the 
melting  stock,  consisting  of  pig  iron,  iron  or  steel  scrap  and  iron  ore. 
This  charge  is  melted  down,  the  silicon  and  manganese  burn  out 
first,  and  then  the  carbon  to  the  point  desired  by  the  steel-maker, 
when  the  furnace  work  is  complete.  If  the  phosphorus  and  sulphur 
burned  out  also,  the  basic  process  would  never  have  been  heard  of, 
but  unfortunatelv  thev  do  not.     Whatever  amount  of  phosphorus  and 
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sulphur  was  in  tbe  original  charge  remains  in  the  steel.  From  this  Mr.  Cunning- 
the  reason  for  the  well-known  uniformity  of  acid  open-hearth  steel  ^'"' 
may  be  seen.  The  phosphorus  and  sulphur  can  be  exactly  estimated 
from  the  original  charge.  The  steel-maker  has  only  to  give  his  at- 
tention to  the  reduction  of  the  carbon  to  the  desired  point,  and  when 
he  has  made  his  manganese  additions,  the  steel  is  finished.  Unless 
chemical  limitations  are  placed  upon  the  dangerous  elements,  acid 
open-hearth  steel  may  be  uniformly  bad,  instead  of  uniformly  good. 

In  the  basic  open-hearth  process  the  hearth  is  lined  with  dolomite. 
In  addition  to  the  pig,  scrap  and  ore,  the  charge  contains  lime. 
From  the  dolomite  lining  and  the  lime  in  the  charge  comes  the  name 
basic.  The  object  of  the  lime  in  the  charge  is  to  unite  with  the 
phosphorus  and  sulphur,  and  pass  them  into  the  slag.  Were  lime 
charged  into  an  acid  furnace,  it  would  act  on  the  silica  lining  in 
preference  to  the  phosphorus,  but  in  the  basic  furnace  it  has  no 
action  on  the  dolomite.  The  greatest  action  of  the  lime  in  a 
basic  charge  is  on  the  phosphorus;  its  action  on  the  sulphur  is  much 
less. 

The  basic  process  being  essentially  a  dephosphorizing  one,  it  is 
possible  to  use  for  it  a  melting  stock  so  high  in  phosphorus  that  steel 
made  from  the  same  stock  by  an  acid  process  would  be  worthless. 
The  regulation  of  the  carbon  becomes  therefore  of  secondary  im- 
portance to  the  reduction  of  the  phosphorus  to  at  least  a  safe  limit, 
and  as  the  carbon  may  be  nearly  all  eliminated  before  the  phosphorus 
is  reduced,  it  becomes  necessary  in  most  cases  to  make  carbon  addi- 
tions. It  is  not  essential  to  the  success  of  the  process  that  the 
phosphorus  in  a  basic  open-hearth  charge  should  be  large;  it  may  be 
as  low  or  lower  than  in  a  charge  for  good  acid  steel,  in  which  case 
the  phosphorus  will  be  nearly  all  eliminated. 

The  irregularities  of  basic  open-hearth  steel  may  be  best  illus- 
trated by  assuming  a  specification,  and  then  seeing  what  may  happen 
under  it.  As  sometimes  happens  a  specification  originally  intended 
for  acid  steel  is  applied  to  basic  without  change,  and  as  this  will  give 
an  extreme  case,  such  a  one  will  be  taken;  ultimate  strength,  60  000 
to  70  000  lbs.  per  square  inch,  phosphorus  not  to  exceed  0.08  i^er 
cent. 

A  cast  containing  0. 08%*  phosphorus  would  require  0.12%  carbon 
to  give  60  000  lbs.  in  ordinary  sections,  and  a  cast  containing  only  a 
trace  of  phosphorus  would  require  0.3%"  to  give  it  70  000  lbs.  under 
the  same  conditions.  By  skilful  treatment  both  these  casts  may  be 
made  to  pass  the  same  specification,  though  they  are  at  the  extreme 
limits.  Now,  under  varying  conditions,  these  two  casts  will  give  very 
different  results.  The  0.3%"  carbon  cast  will  be  found  much  more 
sensitive  to  heat  treatment  than  the  other,  and  can  be  hardened  to  a 
much  greater  extent,  and  correspondingly  softened  on  annealing. 
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Mr.  Cunning-  Specifications  for  basic  open-hearth  steel  seldom  allow  the  phos- 
phorus to  exceed  0.04:?^;^  or  0.05%",  but  they  never  prevent  it  from  going 
to  a  trace,  which  frequently  happens,  and  if  the  allowed  variation  in 
ultimate  is,  say,  56  000  to  64  000  lbs.,  steel  having  from  0.12^  to 
0.24%  carbon  may  be  found  under  such  a  specification. 

Such  variations  as  this  are  not  likely  to  be  found  in  acid  open- 
hearth  steel,  for,  if  the  phosjahorus  limit  is  O.O8/0,  the  steel-maker  will 
not  go  much  below  this  on  account  of  the  increased  cost  of  the  raw 
material.  With  basic  open-hearth,  however,  the  difference  in  cost  be- 
tween 0.04^  and  a  trace  of  phosphorus  is  only  the  difterence  of  the 
slight  excess  of  lime  required  to  produce  it. 

Basic  open-hearth  steel  is  naturally  a  soft  material  on  account  of 
the  low  ijoint  to  which  the  carbon  is  reduced  in  the  furnace,  and  if  a 
high  ultimate  is  desired,  it  must  be  reached  by  adding  carbon  to  the 
steel  at  the  end  of  the  process.  Such  carbon  additions  are  made  by 
throwing  coke  into  the  ladle  into  which  the  steel  is  tapjsed,  and,  as 
this  does  not  always  become  thoroughly  mixed  with  the  steel,  some 
parts  are  sometimes  found  to  be  harder  than  others. 

From  the  foregoing  it  may  be  inferred  that  several  heats  of  basic 
open-hearth  steel  may  fill  a  specification,  be  of  excellent  quality,  and 
at  the  same  time  of  variable  composition.  Unless  sulphur  is  limited  in 
a  specification  for  basic  open-hearth  steel,  it  is  possible  to  get  a  product 
which  is  high  in  this  dangero'us  element,  for  it  is  not  reduced  to  the 
same  extent  by  the  process  as  the  phosphorus. 

There  are  advantages  in  connection  with  the  basic  open  hearth 
which  are  of  great  importance,  and  the  principal  ones  are  the  possi- 
bility of  producing  a  very  low  phosphorus  steel  and  a  very  soft  and 
ductile  one  at  a  moderate  price. 

The  low  phosphorus  scrap  resulting  fi'om  the  basic  process,  how- 
ever, at  once  permits  of  a  low  phosphorus  acid  steel  at  a  competing 
price,  and  when  strong  steels  are  wanted,  they  can  be  made  with  more 
regularity  and  certainty  by  the  acid  process  than  by  the  basic,  for 
they  do  not  depend  on  carbon  additions  to  the  same  extent,  and  are, 
therefore,  freer  from  the  possibility  of  uneven  mixing. 

When  it  is  desired  to  make  a  specification  to  cover  both  acid  and 
basic  open-hearth  steel,  it  is  well  to  make  separate  provisions  for  the 
chemical  limitations  at  least.  For  acid  steel  a  limit  of  0.08^  of  phos- 
phorus and  0.06%'  of  sulphur,  and  for  basic  steel  a  limit  of  0.04%'  of 
phosphorus  and  0.05%  of  sulphur  will  produce  good  results  and  admit 
of  competition  between  the  two  steels. 

A  range  in  ultimate  strength  between  56  000  and  64  000  lbs. 
will  cover  both  steels  to  advantage.  For  basic  open-hearth  alone, 
52  000  to  60  000  lbs.  will  give  excellent  results,  while  for  acid 
open-hearth  60  000  to  68  000  lbs.  will  be  found  quite  uniform  and 
reliable. 
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C.  E.  FowijER,  Assoc.  M.  Am.  Soc.  C.  E. — The  attention  paid  to  the  Mr,  Fowler, 
details  of  the  work,  as  evinced  by  the  paj^er,  is  certainly  commendable. 
Very  few  realize,  however,  as  can  the  bridge  companies  which  are 
doing  work  under  many  different  engineers,  what  a  great  variety  of 
details  are  considered  best.  One  point  that  has  impressed  the  writer 
on  most  recent  work  is  the  tendency  to  err  on  the  safe  side,  if  such 
can  be  called  error. 

After  working  under  specifications  of  many  of  the  trunk  lines  and 
of  many  consulting  engineers,  the  writer  has  adopted  in  his  own  speci- 
fications soft  medium  steel,  from  55  000  to  65  000  lbs.  ultimate,  as 
being  the  metal  that  will  undergo  the  manufactux'ing  processes 
with  least  liability  to  damage,  and  avoid  the  necessity  for.  reaming. 

As  most  shops  get  out  work  at  the  present  time,  making  a  wood 
templet  for  each  piece  in  a  structure,  it  can  only  be  extreme  careless- 
ness if  holes  in  assembled  members  do  not  match  well,  and  it  is  usiial 
to  see  the  holes  match  perfectly  in  girder  flanges  for  the  entire  length. 
Compressed  air  reamers  are  used  in  most  shops  on  all  work  to  clean 
out  the  burrs  and  true  up  holes,  thus  avoiding  the  cause  of  drifting, 
and  saving  delay  and  expense  in  shop  work.  It  is  not  usual  to  use 
reamers  of  such  great  taper  as  the  paper  seems  to  suppose,  and  prac- 
tically true  holes  result.  For  reamed  work  where  iij  in.  is  to  be  re- 
moved, twist  drills  are  used,  and  with  experienced  workmen  work  is 
done  which  cannot  be  distinguished  from  that  of  fixed  machines.  The 
adaptability  of  such  machines  to  varying  conditions  in  shops  is  no 
doubt  what  commends  them  to  shop-owners. 

As  to  acid  and  basic  steel,  the  question  is  being  settled  by  the  mill 
owners,  who  are  preparing  to  furnish  the  basic  product  as  against  the 
acid.  At  one  of  the  largest  mills  in  this  country  basic  steel  is  being 
turned  out  in  which  it  is  unusual  to  find  the  phosphorus  exceeding 
0.01%",  and  the  greater  part  of  the  output  contains  only  a  trace.  That 
this  will  more  than  offset  any  small  gain  in  the  uniformity  of  the 
product  of  acid  furnaces,  which  is  no  doubt  due  to  the  better  stock 
used,  will  certainly  be  admitted  by  most  users  of  steel. 

As  great  a  problem  is  presented  in  what  paint  to  use  as  in  any 
point  in  the  pai^er.  During  the  past  two  years,  each  engineer  has  had 
his  favorite  paint,  one  for  j^ainting  woi'k  at  the  shop  and  still  a  differ- 
ent kind  in  the  field.  After  seeing  scores  of  brands  used,  the  writer 
has  come  to  doubt  if  any  jmint  is  wholly  good  or  accomi^lishes  its 
purpose.  There  is  certainly  a  growing  assurance  among  engineers 
that  linseed  oil  is  not  the  proper  shop  coat,  and  carbon  primer  is  the 
favorite  as  a  substitute.  Experience  shows  the  change  to  be  a  wise 
one,  as  it  forms  an  elastic  covering  and  is  said  to  act  chemically  on 
the  surface  of  the  metal.  What  to  do  to  remove  the  scale  from  steel 
before  getting  this  first  coat  is  a  question.  Will  the  mills  devise  some 
way  to  free  their  jaroduct  from  scale,  or  will  the  buyer  pay  to  have  the 
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Mr.  Fowler,  steel  pickled?  This  is  a  much  greater  question  than  the  field  coat,  as 
any  of  a  dozen  paints  are  first  class  for  this,  with  the  lead  and  graphite 
paints  counted  best.  This  coat  should  always  be  a  different  shade  or 
color  from  the  shop  coat  to  make  it  easy  to  see  when  all  parts  are 
covered. 

That  the  granitoid  caps  to  exclude  moisture  from  the  pedestals  are 
excellent  is  true,  but  it  is  a  question  if  Portland  concrete,  properly 
crowned,  would  not  have  been  sufficient. 

The  proportions  for  concrete  are  such  as  would  give  excellent  re- 
sults in  practice,  and  if  care  is  used  these  proportions  would  give 
satisfactory  results  under  water.  On  some  recent  foundations,  ex- 
actly these  proportions  were  used  by  the  writer  and  the  concrete  de- 
posited under  15  ft.  of  water;  when  the  work  was  pumped  out,  the 
concrete  was  found  to  be  very  uniform  and  set  firm  and  hard.  The 
uniformity  was  accomplished  by  depositing  it  through  a  tube,  the 
first  filling  of  the  tube  being  accomplished  by  sliding  paper  sacks 
filled  with  concrete  into  the  tube  until  above  water  level.  For  such 
work  as  jjedestals,  proportions  as  high  as  one-four-seven  for  Port- 
land will  be  found  to  give  much  better  results  when  the  voids  in 
the  stone  do  not  exceed  four-tenths,  than  the  more  frequently  used 
one-two-four  natural  cement  concrete. 

The  limit  for  plate  girders  has  been  much  extended,  and  it  is 
customary  for  bridge  shops  to  have  orders  booked  for  many  spans  at 
a  time,  from  70  to  125  ft.  in  length,  while  a  few  years  ago  riveted 
lattice  spans  would  have  been  used.  The  usual  limit  for  plate  girders 
does  not,  however,  exceed  90  ft.  The  great  difference  in  cost  is  in  the 
cheaper  erection  of  plate  girders,  as  they  can  be  jjlaced  in  position  as 
complete  sj^ans  during  the  intervals  between  jmssing  trains,  as  was 
done  on  the  Cleveland,  Akron  and  Columbus  Railway  during  the  j^ast 
year,  where  each  complete  span  weighed  about  40  tons.  The  girders 
were  so  designed  as  to  go  between  the  trusses  of  the  old  Howe  truss 
spans,  after  the  old  deck  was  torn  away. 

The  limit  usually  adopted  for  crimping  stiflfeners  is  beyond  36 
ins.  in  depth,  below  which  dejith  fillers  are  used.  Some  loss  in 
stiffness  is  caused  by  the  omission  of  the  fillers,  but  the  same 
weight  of  metal  could  more  effectively  be  added  to  increase  the  size 
of  the  stiflfeners. 

Of  the  columns  used,  the  two  channels  and  one  beam  would  find 
most  favor  in  a  shop,  as  the  Z-l^Jai'  column  is  difficult  to  keep  from 
twisting  during  the  punching  and  riveting.  There  is,  however,  a 
chance  for  some  person  to  design  a  column  which  will  meet  the  ob- 
jections to  which  the  different  designs  are  subject,  that  is,  a  column 
where  all  the  rivets  are  easy  to  drive,  that  does  not  twist  so  easily  in 
making,  and  will  have  more  satisfactory  methods  of  detailing,  as 
regards  the  development  of  the  strength  of  the  column  as  a  whole. 
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The  experiments  as  to  the  pressed  threads  are  very  interesting,  and  Mr.  Fowler, 
such  threads  should  certainly  be  iised  for  many  cases  where  bolts  are 
employed  under  heavy  stress,  such  as  anchor  bolts  and  main  connec- 
tions where  rivets  cannot  be  put  in. 

It  is  to  be  hoped  that  the  author  will  give  fully  the  results  of  the 
experiments  on  angles  connected  by  one  leg  and  star  struts,  as  these 
are  in  such  general  use  that  the  information  will  be  awaited  with  in- 
terest. They  aflfect  not  only  the  class  of  structures  under  discussion, 
but  more  particularly  the  construction  of  mill  buildings. 

It  cannot  be  too  firmly  impressed  on  the  young  members  of  the 
profession,  that  one  or  two  rivets  do  not  make  a  connection.  Even 
if  the  rivets  are  driven  tight  at  the  time  the  work  is  done,  one  rivet  in 
a  two-rivet  joint  may  work  loose  and  then  it  is  left  for  one  rivet  to 
ward  off  accident,  when,  perhaps,  the  structure  has  been  subjected  to 
heavier  loads  than  those  for  which  it  was  designed.  The  writer  had 
sujiposed  that  spans  of  any  size  where  the  riveted  members  did  not 
intersect  on  centers  of  gravity  was  a  thing  of  the  past,  but  a  recently 
constructed  riveted  bridge  of  100-ft.  span  was  seen  in  a  western  city, 
with  no  attempt  made  to  have  the  members  intersect  correctly.  '  This 
lack  of  design  has  become  so  exceptional,  however,  that  anything  of 
the  kind  is  very  noticeable,  and  most  of  the  bad  features  of  the  older 
•elevated  roads  which  are  mentioned  are,  happily,  things  of  the  past. 
While  there  is  much  room  yet  for  the  improvement  of  steel  struct- 
ural designs,  there  is  reason  for  congratulation  that  there  is  a  constant 
demand  for  the  best  in  both  material  and  design. 

Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E.  — The  question  of  sub-  Mr.  Wagner, 
punching  in  order  to  obtain  the  accurate  matching  of  rivet  holes  by 
subsequent  reaming  is  one  that,  without  doubt,  is  conducive  to  the 
"best  results  as  far  as  perfect  riveting  is  concerned,  although  it  has 
been  the  experience  of  the  writer  that  the  engineer  who  assumes  that 
by  this  means  he  will  obtain  good  matching  of  holes  together  with  the 
removal  of  the  -re  in.  of  injured  metal  around  the  holes  will  deceive  him- 
self. The  same  experience,  however,  leads  him  to  believe  that  no 
serious  injury  to  the  metal  will  result,  even  if  the  higher  limits  of  what 
is  usually  specified  as  medium  steel  are  used.  The  inaccuracies  in  the 
holes  alluded  to  are  specially  noticeable  in  the  case  of  long  plate 
girders  where  the  web  plates  are  rolled  in  long  lengths  and  the  chord 
angles  have  rivet  holes  in  both  legs,  the  stretching  of  the  metal  in  the 
long  chord  angles  producing  the  trouble. 

The  writer  cannot  too  heartily  agree  with  the  statement  that  real 
reaming  can  only  be  done  with  rigid  reamers,  although  in  poorly 
matched  holes  the  removal  of  the  injured  metal  in  the  holes  will  not  be 
entirely  accomplished,  as  would  be  the  case  if  the  reamer  were  allowed  , 
to  follow  the  hole.  He  has  more  confidence,  however,  in  the  rivet 
practically  filling  an  irregular  hole  when  the  rivet  is  driven  by  hy- 
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Mr.  Wagner,  draiilic  power  than  the  author  of  the  paper  has.  Sub-punching  and 
reaming  must  of  necessity  cost  more  than  ordinary  launching  on  ac- 
count of  the  extra  handling  required  and  the  delay  in  the  transit  of 
the  material  through  the  shops,  and  it  is  therefore  simply  a  question 
for  the  engineer  to  decide  as  to  whether  the  improved  quality  of  the 
work  is  justified  by  the  additional  cost  incurred.  It  is  the  opinion 
of  the  writer  that  for  shop-driven  rivets,  and  with  soft  steel  of  from 
say  57  000  to  65  000  lbs.  ultimate  strength,  an  ordinarily  fair  increase 
in  the  cost  per  pound  is  not  warranted.  On  the  other  hand  holes 
for  field-driven  rivets  cannot  match  too  well,  and  even  a  decidedly 
increased  cost  would  be  warranted  in  obtaining  them.  This  is,  of 
course,  due  to  the  difficulty  of  obtaining  a  good  rivet  in  the  field  when 
driven  by  hand. 

Railroad  bridge  work  has,  on  account  of  the  special  care  which  has 
been  given  in  the  past  to  its  designing,  represented  the  best  jjractice 
in  structiiral  work,  but  the  writer  agrees  with  the  aixthor  that  there  is 
no  reason  why  it  should  stand  alone  in  this  resi^ect,  and  endorses  the 
stand  he  has  taken  regarding  elevated  railroad  work.  He  would  even 
go  further,  and  can  see  no  reason  why  any  structure  carefully  and 
economically  designed  should  not  receive  equally  as  much  care  in  the 
requirements  of  its  manufacture.  It  is  to  be  assumed  that  when  an 
engineer  prepares  a  specification  for  any  work,  he  does  it  in  the  inter- 
est of  those  paying  for  the  work,  and  that  it  has  received  careful  con- 
sideration, and  should  therefore  stand  after  the  contract  is  made.  The 
practice  of  the  contractor  speculating  upon  future  changes  is  much  to 
be  deplored,  and  is  a  condition  of  things  which  should  never  exist. 
No  changes  in  the  requirements  should  ever  be  allowed  after  the  con- 
tract is  signed  unless  the  very  strongest  reasons  exist  for  so  doing. 
No  alternate  bid  should  in  equity  be  considered  unless  it  is  asked  for 
in  the  proposal. 

The  use  of  basic  steel  is  a  very  pertinent  one  at  the  present  time, 
and  it  would  be  interesting  if  the  author  would  give  his  reasons  for 
limiting  the  use  of  this  metal.  The  writer  is  of  the  opinion  that  for 
most  purposes  (eye-bars  possibly  excepted)  the  basic  metal  is  equal  to 
that  produced  in  an  acid  furnace. 

As  to  the  remarks  on  cements  and  concrete,  the  results  arrived  at 
are  those  sj)ecified  for  the  construction  of  the  work  on  the  subway  and 
tunnel  on  Pennsylvania  Avenue  in  Philadelphia,  for  abolishing  all 
grade  crossings  on  that  avenue,  a  work  costing  $6  000  000.  The  speci- 
fications for  the  Portland  cement  (which  is  specified  for  all  stone 
masonry  and  concrete)  follow,  and  compliance  with  the  specifications 
has  so  far  been  obtained  without  difficulty,  and  in  some  cases  very 
much  exceeded.  Attention  is  specially  called  to  the  mortar-box 
tests,  which  are  regularly  taken  and  have  proved  of  great  value  on  this 
work. 
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"  The  acceptance  of  a  cement  to  be  used  in  the  work  shall  rest  with  Mr,  Wagner, 
the  Chief  Engineer,  and  will  be  based  on  the  following  requirements  : 

"  Portland  Cement. — Portland  cement  shall  have  a  specific  gravity 
of  not  less  than  3,  and  shall  leave  by  weight  a  residue  of  not  more 
than  1%  on  a  No.  50  sieve,  10%  on  a  No.  100  sieve,  and  ^0%  on  a  No. 
200  sieve,  the  sieves  being  the  same  as  previously  described. 

"Pats  of  neat  cement  i  in.  thick,  with  thin  edges,  immersed  in 
water,  after  '  hard  '  set,  shall  show  no  signs  of  '  checking  '  or  disinte- 
gration. 

"It  shall  require  at  least  30  minutes  to  develop  initial  '  set,'  under 
the  same  conditions  as  specified  for  Natural  Cement. 

"Briqiiettes  of  neat  cement,  1  sq.  in.  in  section,  shall  develop  the 
following  ultimate  tensile  strengths: 

Age.  Strength. 

24  hours  (in  water  after  '  hard  '  set) 175  lbs. 

7  davs  (1  dav  in  air,  6  davs  in  water) 450    " 

28    "'     (1  "■'      "        27"  "     ) 550    " 

7    "      (1  "        "  6    "  "     ),  1  part  of  cement  to  3 

parts  of  standard  quartz  sand 160     " 

28    "      (1  day  in  air,  27  days  in  water),  1  jyavt  of  cement  to  3 

parts  of  standard  quartz  sand 220    " 

"All  cements  shall  meet  such  additional  requirements  as  to  'hot 
water, '  '  set, '  and  '  chemical '  tests  as  the  Chief  Engineer  may  determine. 
The  reqiiirements  for  '  set '  may  be  modified  where  the  conditions  are 
such  as  to  make  it  advisable. 

"Mortar  taken  from  the  mixing  box,  and  molded  into  briquettes  1 
sq.  in.  in  cross  section,  shall  develop  the  following  ultimate  tensile 
strength  : 

Age.  Strength. 
7  days  (1  day  in  air,  6  days  in  water),  1  part  Portland  ce- 
ment to  3  parts  of  sand 100  lbs. 

28     "      (1  day  in  air,  27  days  in  water)  1  part  of  Portland 

cement  to  3  parts  of  sand 150  lbs. " 

A  comparison  of  the  specifications  shows  a  fairly  close  agreement 
in  the  requirements,  the  specifications  just  given  being  slightly  harder 
to  fill. 

The  sjiecifications  for  the  concrete  on  this  work  require  the  same 
proportions  as  given  by  the  author,  viz.,  one  part  of  cement,  two  parts 
of  sand,  and  five  parts  of  broken  stone,  which  is  not  required  to  be 
graded. 

The  question  of  painting  is  one  deserving  of  the  greatest  care,  and 
the  results  of  any  experiments  must  of  necessity  be  interesting. 
Without  entering  into  detail  the  writer  from  his  experience  warmly 
recommends  the  practice  of  giving  the  metal  a  coat  of  linseed  oil 
before  leaving  the  cover  of  the  mill  and  after  all  loose  black  scale  is 
removed.  He  believes  this  to  be  one  of  the  secrets  of  the  prevention 
of  a  large  amount  of  rusting,  no  matter  what  priming  and  finishing 
coats  are  applied.  These  latter  coats  must  of  necessity  vary  some- 
what with  the  locality  and  use  of  the  structure,  while  this  first  i^re- 
caution  he  believes  to  be  essential  in  any  structural  work. 
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Mr.  stoweii.  Chas.  F.  Stowell,  M.  Am.  Soc.  C.  E.  — The  safety  and  longevity  of  any 
iron  or  steel  bridge  is  inversely  proportional  to  the  amount  and  extent 
of  motion  in  the  structure.  Motion,  as  regards  structures,  may  be 
divided  into  two  kinds;  dynamic,  or  that  motion  due  to  and  insepar- 
able from  the  imposition  of  stress,  and  physical,  or  motion  of  transla- 
tion, which  may  or  may  not  be  accompanied  by  internal  stress. 
Except  when  a  bridge  is  moved  bodily  off  its  foundations,  no  failure 
ever  has  or  ever  can  take  place  except  as  the  immediate  result  of  ex- 
cessive dynamic  motion.  As  long  as  a  bridge  contains  metal  in  suf- 
ficient quantity  and  so  disj)osed  as  to  restrict  the  dynamic  motion  within 
certain  limits,  its  life,  so  far  as  is  known,  will  be  perpetual;  but  as 
soon  as  the  limit  is  exceeded  in  any  one  member,  the  failure  of  that 
member  sooner  or  later  is  absolutely  certain.  In  former  times  it  was 
the  rule,  and  even  yet  the  practice  obtains  to  some  extent,  to  propor- 
tion bridges  for  stress  alone  without  regard  to  motion;  and  many  old 
bridges  were  simply  statical  stress  sheets  transformed  into  iron.  If  in 
any  such  bridges  the  dynamic  motion  was  kept  within  safe  limits  it 
was  a  happy  incident  or  accident  of  their  construction.  It  is  known 
now  that  a  stress  and  section  sheet  is  not  a  safe  criterion  of  the  value 
of  a  bridge,  and  that  to  insure  permanence,  not  only  the  stress,  but  also 
the  motion,  must  be  considered  and  provided  for. 

When  the  earlier  elevated  structui'es  were  built,  neither  the  loads  to 
which  they  would  be  subjected  were  anticipated,  nor  was  the  subject 
of  dynamic  motion  understood,  and  consequently  these  structures 
were  soon  found  to  lack  both  strength  and  rigidity.  Remedies  of 
various  kinds  have  been  applied  to  them  from  time  to  time  to  correct 
the  former  defect,  but  the  latter  is  still  obtriisively  ajaparent  to  any 
observer.  It  can  hardly  be  questioned  that  the  life  of  the  Manhattan 
elevated  structure  ranst  be  a  limited  one  for  this  reason.  Whether 
the  limit  is  close  at  hand  or  still  far  oif  can  only  be  judged  by  those  in 
charge  of  and  constantly  observing  the  striicture  under  its  daily  task. 
That  such  a  limit  was  long  ago  recognized  by  its  owners  appears  to  be 
shown  by  these  words  of  one  of  its  ofiicers  published  fourteen  years 
ago:  "The  structure  is  an  iron  bridge  for  the  whole  length  of  the  rail- 
way, miles  in  length;  whether  this  will  have  to  be  rebuilt  iu  ten  years 
or  fifty  nobody  yet  knows."  *  The  Chicago  elevated  structure  ofi'ers  a 
marked  contrast  to  these  older  works  in  that  not  only  strength  but 
rigidity  also  is  considered,  and  it  is  the  first  elevated  structure  within 
the  writer's  knowledge  where  the  latter  point  has  received  any  particu- 
lar attention.  He  does  not  agree  with  the  author  as  to  the  value  of 
sub-punching  and  reaming.  If  such  treatment  is  prescribed  to  cure 
the  bad  eff'ect  of  punching,  it  is  delusive.  Solid  drilling  is  the  only 
safe  course  under  those  premises.     The  writer  has  yet  to  see  any  piece 

*  Report  of  State  Engineer  and  Comptroller  in  answer  to  resolution  of  New  York 
State  Senate,  March  20th,  1883. 
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of  work  in  whicli  all  the  punched  surface  was  removed  from  every  Mr.  stoweii. 
hole,  and  unless  it  is  so  removed  it  is  obviously  useless  to  remove  it  from 
some  and  leave  it  on  others.  Instead  of  using  material  which  is  liable 
to  injury  in  punching  and  then  applying  a  remedy  for  the  harm 
knowingly  inflicted,  it  seems  safer,  and  it  is  certainly  cheaper,  to  get 
in  the  first  place  steel  which  will  not  be  injuriously  affected  by  punch- 
ing and  shearing.  Such  steel  is  not  hard  to  get.  A  photograph,  Plate 
X,  Fig.  1,  is  submitted  of  some  tests  on  steel  of  this  kind  recently  used 
in  bridge  work,  which  has  stood  much  more  abuse  than  it  could  ever 
jDOSsibly  get  in  any  shop,  and  still  without  reaching  its  limit  of  endur- 
ance. These  test  pieces  were  not  specially  selected,  but  were  ordinary 
pieces  picked  up  at  random,  and  the  tests  were  not  nursed  in  the 
making  to  produce  a  flue  show,  as  is  sometimes  the  case,  but  were 
actually  made  in  the  roughest  and  hardest  manner.  This  steel  was 
55  000  to  65  000  lbs.  ultimate,  averaging  about  62  000  lbs.  After 
knowing  the  quality  of  this  steel  from  the  stock  used  in  making  it, 
from  the  process  of  manufacture  and  from  its  chemical  analysis,  and 
having  demonstrated  its  proj^erties  by  jahysical  tests,  the  writer  feels 
perfectly  safe  in  using  the  material  without  sub-punching  and  ream- 
ing, and  without  planing  sheared  edges;  far  safer  in  fact  than  he  would 
in  using  an  inferior  metal  and  doctoring  it  afterwards.  This  particu- 
lar steel  happens  to  be  acid  open-hearth,  but  he  has  no  doubt  that 
basic  steel  of  corresponding  good  quality  would  show  up  equally  well. 
This  steel  costs  from  0.05  to  0.1  cent  per  pound  more  than  ordinary 
steel,  while  the  author's  figures  for  the  extra  cost  of  sub-punching  and 
reaming  are  from  0.1  to  0.2  cent  jjer  jaound. 

Reaming  for  fair  holes  and  not  primarily  to  remove  the  surface  cut 
by  the  jpunch  is  quite  another  matter,  but  with  care  there  need  be 
very  little,  if  any,  such  reaming  done.  The  author  is  certainly  wrong 
in  saying  that  no  shop  can  turn  out  first-class  work  without  sub-punch- 
ing and  reaming  or  drilling.  The  writer  has  been  accustomed  to 
sijecify  that  when  the  rivet  holes  match  sufficiently  to  let  a  cold  rivet 
through,  but  not  a  hot  one,  they  may  be  drifted  fair,  but  any  greater 
degree  of  mismatching  must  be  corrected  by  reaming.  In  a  shop 
where  some  care  is  taken  with  the  punching,  the  amount  of  reaming 
under  this  specification  is  exceedingly  small.  The  habitual  use  of  the 
reamer  to  get  fair  holes  prevails  generally  where  the  punching  is  piece 
work.  When  a  man's  pay  depends  upon  the  number  of  holes  he  makes  in 
a  day,  he  is  not  likely  to  be  over  careful  where  he  puts  them,  esj^ecially 
if  he  knows  some  one  will  follow  after  him  with  a  reamer  to  correct 
his  inaccuracies.  All  this  is  unnecessary  with  a  little  care  at  the 
punch.  Moreover,  the  writer  is  of  the  opinion  that  the  rivets  them- 
selves hold  better  and  are  stronger  in  jjunched  than  in  drilled  or 
reamed  holes. 

Another  consideration  in   regard   to  reaming   to   remove  injured 
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Mr.  stowell.  metal  is  this.  Such  holes  are  always  punched  in  the  first  place,  and 
often  carelessly,  as  the  man  at  the  punch  knows  they  ai"e  to  be  reamed 
afterwards.  Before  reaming,  the  work  has  to  be  fitted  up  and  bolted 
through  these  punched  holes,  a  process  accompanied  by  more  or  less 
heavy  drifting  according  to  the  degree  of  inaccuracy  in  the  punching. 
If  the  original  jjunching  has  started  a  crack  in  any  hole,  it  will  surely 
be  extended  by  any  drifting  done  on  that  hole.  Can  one  always  be  ab- 
solutely certain  that, whatever  the  amount  of  metal  reamed  out,  it  is 
enough  to  extend  beyond  the  limit  of  any  such  crack  ?  The  writer 
thinks  not. 

One  should,  of  course,  use  all  reasonable  precautions  to  get  good 
and  accurate  work  which  will  not  require  abuse  of  the  metal  in  order 
to  get  the  parts  to  go  together.  If  in  addition  one  is  sure  of  having 
metal  which  can  safely  stand  far  more  abuse  than  can  ever  possibly 
be  put  upon  it,  should  it  happen  to  get  any,  and  which  need  not  be 
gone  over  minutely  to  be  sure  that  every  bit  of  sheared  surface  has 
been  removed,  it  is  greatly  conducive  to  a  good  night's  sleep. 

The  steel  specification  for  the  Chicago  elevated  work  called  for 
open-hearth  metal  having  an  ultimate  strength  of  60  000  to  68  000  lbs. 
l^er  square  inch;  elastic  limit,  one-half  of  ultimate  strength;  percentage 
of  elongation,  ultimate  divided  by  1  500  000  (corresponding  to  about 
25%);  percentage  of  reduction,  twice  that  of  elongation;  quench  bend, 
180°  around  a  diameter  equal  to  the  thickness  of  the  test  piece,  and 
drift  test  to  show  an  increase  of  50%*  over  original  diameter  of  punched 
hole.  The  chemistry  was  prescribed  only  for  jihosphorus,  which  was 
not  to  exceed  0.08%  for  acid,  and  0.05%  for  basic  steel.  This  is  a  very 
good  specification  as  far  as  it  goes,  and  far  superior  to  many  in  use. 
But  the  writer  believes  that  not  only  the  j^hosphorus,  but  also  the  sul- 
phur should  be  limited.  He  is  aware  the  manufacturer  will  claim 
that,  inasmuch  as  sulphur  is  a  red  shortener,  it  may  safely  be  left  alone, 
as  any  excess  will  show  itself  in  the  breaking  up  of  the  steel  in  roll- 
ing. But  this  is  not  all.  Experience  has  demonstrated  that  sulphur 
may  exist  so  near  the  limit  of  red  shortness  that,  while  it  does  not  cause 
the  steel  actually  to  disintegrate  in  rolling,  it  may  leave  the  rolls  full 
of  minute  fractures  (micro-sulphur  flaws)  which  cannot  be  detected  by 
the  eye,  but  which  are  liable  to  extend  under  stress  and  ultimately 
cause  the  fracture  of  the  piece.  For  this  reason  the  suljihur  content 
should  be  kept  well  within  the  danger  limit. 

The  author's  requirement  of  a  drift  test  showing  50%  increase  in 
diameter  of  punched  holes  is  a  good  and  reasonable  one,  but  too  much 
stress  should  not  be  placed  on  the  drift  test  as  indicating  the  quality 
of  steel.  If  it  does  not  stand  a  moderate  amount  of  drifting,  the  steel 
is  certainly  poor,  but  if  it  does  stand  it,  it  by  no  means  follows  that  it 
is  good  or  even  passable.  The  evidence  of  the  drift  pin  should  be  con- 
sidered as  corroborative    only,  not    absolute,  as  is  the  tendency  in 
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some  quarters.  There  is  a  bridge  specification  very  widely  used  and  Mr.  stoweil. 
extensively  copied  throughout  this  country  which  provides  a  drift 
test  showing  an  increase  of  only  one-third  in  the  diameter  of  punched 
holes,  and  making  such  a  test  the  criterion  for  reaming  and  planing  or 
their  omission.  To  show  how  utterly  worthless  such  a  test  is,  the  writer 
submits  an  illustration  (Plate  X,  Fig.  2)  of  a  piece  of  angle  iron 
with  a  punched  hole  drifted  from  -fl  to  l-;j'V  ins.  diameter,  or  about  58^i( 
increase,  and  still  without  reaching  the  possible  limit  of  drifting.  In 
other  words,  this  piece  has  filled  the  requirements  of  the  speciflcatiou 
and  about  25%  more,  and  under  its  requirements  might  be  used  with- 
out reaming  or  planing  for  any  kind  of  bridge  work  under  any  circum- 
stances. Yet  the  steel  is  so  poor  that  the  piece  shown  in  the  photograph 
broke  off  while  trying  to  bend  the  angle  iron  to  a  curve  of  40  ft.  radius. 
The  peculiar  feature  of  that  specification  is  not  only  that  it  lays  such 
stress  on  this  worthless  drift  test,  but,  even  should  the  steel  be  so  un- 
speakably bad  that  it  cannot  stand  this  drifting,  still  it  may  be  used 
provided  only  the  holes  are  reamed  and  the  edges  planed. 

The  chemistry  of  this  piece  of  steel  is  as  follows:  Carbon,  0.130/*;^; 
phosphorus,  0.101"^;  sulphur,  0.056,'V;  silicon,  0.040%;  manganese, 
0.591  per  cent. 

The  analysis  stamps  the  steel  as  a  quite  ordinary  grade  of  (probably) 
Bessemer  metal,  and  on  the  analysis  alone  it  would  be  rejected  for  use  in 
any  important  place;  but  the  specification  mentioned  would  permit  its 
use  for  any  purpose,  as  that  sijeciflcation  ignores  both  chemistry  and 
process  of  manufacture.  The  writer  believes  more  poor  steel  has  prob- 
ably been  put  into  American  bridges  under  that  specification  than  under 
any  other  ever  written,  and  the  reason  why  it  does  not  more  often  show 
itself  in  failures  is  because  manufacturers  generally  make  a  much  better 
quality  of  steel  than  that  specification  would  permit  the  use  of.  There 
is,  fortunately,  a  limit  to  poverty  in  steel  beyond  which  it  does  not  pay 
to  try  to  make  it.  When  more  than  a  certain  percentage  cannot  be  run 
through  the  rolls  whole,  the  cost  of  such  of  the  product  as  can  be 
finished  more  than  offsets  the  saving  in  the  use  of  cheap  stock.  The 
tendency  in  steel  making,  too,  is  in  the  direction  of  continued  improve- 
ment in  its  quality,  and  most  manufacturers  nowadays  habitually  turn 
out  a  pretty  fair  grade  of  metal,  so  that  the  purchaser  under  such  a 
specification  as  is  mentioned  generally  gets  now  a  much  better  article 
than  he  calls  for. 

The  author's  experiments  on  the  relative  value  of  angle  irons  con- 
nected by  one  and  by  both  legs  are  in  accord  with  facts  long  known  to 
those  familiar  with  riveted  construction.  A  good  many  modern  speci- 
fications stipulate  that  angles  must  always  be  fastened  by  both  legs  or 
the  section  of  one  leg  only  be  considered  as  available  for  stress.  If  it 
were  true,  or  even  approximately  so,  that  the  strength  of  an  angle  iron 
fastened  by  one  leg  is  that  of  this  leg  only,  a  great  many  old  riveted 
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Mr.  stowell.  bridges  would  have  broken  down  long  ago,  but  they  persistently  re- 
fuse to  collapse  and  verify  the  theory. 

The  author's  design  for  an  elevated  structure  is,  on  the  whole,  a 
distinct  advance  over  all  previous  efforts  in  that  line,  and  the  care  and 
study  exjjended  on  the  subject  have  resulted  in  a  structure  which  ap- 
parently leaves  little  further  improvement  possible.  The  use  of  solid 
web  girders  instead  of  open  web,  the  large  and  substantial  knee  braces 
at  tojjs  of  columns,  the  scientific  arrangement  of  the  lateral  bracing  and 
the  proportioning  of  columns  and  anchorages  to  withstand  all  possible 
horizontal  as  well  as  vertical  loads,  are  particularly  good  features; 
and  the  writer  ventiires  the  prediction  that  future  elevated  roads  will 
be  largely  modeled  after  this  one. 

The  proposed  design  for  an  ornamental  structure  for  city  streets  is 
a  generally  beautiful  and  tasteful  design,  unfortunately  not  likely  to 
be  realized  in  practice  soon.  There  is  one  feature  about  it  which  the 
writer  does  not  admire,  namely,  the  making  of  the  outlet  for  drain 
pipes  through  animals'  mouths.  The  representation  of  a  beast's  head 
in  the  act  of  vomiting  is  not  a  pleasing  spectacle. 
Mr.  Connor.  E-  H.  CoNNOR,  Assoc.  M.  Am.  Soc.  C.  E. — The  stresses  used  in  the 
various  members  under  varying  conditions,  and  the  unit  prices  as- 
sumed in  the  comparative  designs,  and  their  costs,  are  all  omitted  in 
the  paper.  The  several  points  mentioned  from  A  to  P  should,  with- 
out doubt,  receive  due  consideration,  but  the  author  does  not  state 
when  he  deems  the  cohimns  "  properly  designed  to  provide  sufficient 
strength,"  etc.  The  same  may  be  said  of  many  of  the  other  articles. 
As  all  elevated  railroads  in  Chicago  are  having  a  hard  time  financially, 
economy  must  be  a  very  important  factor  in  a  design  for  that  city. 
Certainly  safety  must  not  be  sacrificed  at  any  cost,  but  too  much 
money  should  not  be  spent  to  overcome  non-injurious  vibrations. 
Vibrations  are  inherent  in  all  metallic  structures,  and  should  simply 
be  kejit  within  proper  limits. 

The  longitudinal  girders  used  on  the  Northwestern  Elevated  road 
have  been  carefully  designed  and  are  well  braced.  Lattice  girders  are 
more  pleasing  in  appearance,  and  admit  more  light  to  the  street 
beneath.  They  are  not  so  satisfactory  for  rigidity  and  maintenance 
as  plate  girders.  The  cost  for  50-ft.  spans  is  about  the  same.  The 
cohimns  used  on  the  same  road  were  very  difficult  and  expensive  to 
manufacture  on  account  of  the  large  plate,  over  6  ft.  square,  with 
sectors  cut  out  of  the  lower  corners,  on  account  of  the  connection 
taking  the  longitudinal  thrust,  with  its  irregularly  cut  jalates,  and 
on  account  of  the  many  parts,  over  seventy  in  each  column,  which  re- 
quired the  columns  to  be  handled  several  times  in  assembling  and 
riveting. 

It  is  proper  to  allow  high  unit  strains  in  the  metal  when  the  live 
load,  dead  load  and  bending  moment  are  all  considered;  15  000  lbs.. 
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per  square  inch  would  not  be  too  much  for  medium  steel  columns  on  Mr.  Connor. 

a  tangent.     The  longitudinal  thrust  due  to  an  application  of  brakes 

on  the  entire  train  is  distributed  by  the  rails,  floor  and  girders  over  a 

considerable  length  of  the  structure.     If  it  is  considered  distributed 

over  a  distance  equal  to  twice  the  length  of  the  train,  and  carried  by 

the  columns  within  that  distance,  the  longitudinal  vibrations  would 

be  confined  to  small  limits. 

Columns  of  more  pleasing  apjiearance  and  sufficient  rigidity  can 
be  built  more  economically  of  15-in.  channels,  flared  at  the  end  to 
receive  the  stringers  directly  without  cross-girders,  than  those  adopted 
by  the  aiithor.  The  channels  may  be  strengthened  near  the  base  by 
angles  when  it  becomes  necessary  in  long  columns. 

The  maximum  fiber  stress  due  to  the  Northwestern  loading,  longi- 
tudinal and  transverse  bending,  assuming  the  longitudinal  thrust  to 
be  two-tenths  of  the  entire  weight  of  a  train  200  ft.  long,  and  distri- 
buted over  320  ft.,  or  8 bents,  in  a  column  16  ft.  high  built  of  two  15- 
in.,  33-lb.  channels  would  be  about  12  500  lbs.  per  square  inch,  a  per- 
fectly safe  stress.  The  sectional  area  of  this  column  is  less  than  that 
of  the  one  used,  and  no  longitudinal  tower  bracing  is  required.  The 
saving  in  columns  and  cross-girders  would  be  considerable.  Such 
columns  have  been  in  use  in  New  York  for  many  years,  and  are  to-day 
satisfactoi-ily  performing  their  duties,  though  the  vibrations  are  ex- 
cessive, some  of  the  details  jjoor  and  the  amount  of  care  given  them 
very  small. 

The  rigidity  could  be  increased  by  altering  and  strengthening  the 
details.  Longitudinal  brackets  riveted  to  the  columns  and  bearing 
against  stifi"  cross-frames  between  the  stringers  could  be  introduced. 
The  writer  sees  no  reason,  however,  for  discarding  entirely  the  main 
features  which  are  economical  in  material  and  shop  labor. 

The  writer  is  glad  to  see  the  firm  stand  taken  by  the  author  in  re- 
gard to  punching  and  reaming  rivet  holes,  and  is  sorry  to  note  that 
facing  the  end  angles  of  the  longitudinal  girders,  almost  equally 
.  desirable,  was  not  required.  The  additional  cost  is  very  small.  Such 
workmanship  decreases  the  factor  of  ignorance  as  to  existing  condi- 
tions and  permits  the  use  of  higher  unit  stresses. 

Henky  W.  Hodge,  M.  Am.  Soc.  C.  E. — The  paper  will  undoubtedly  Mr.  Hodge, 
be  of  great  advantage  in  improving  the  general  designs  and  details  of 
elevated  railroad  structures,  though  it  is  to  be  hoped  that  American 
cities  are  not  to  be  afflicted  with  any  large  amount  of  such  work. 
Esthetics  in  an  elevated  railroad  is,  in  the  writer's  opinion,  j^urely  a 
matter  of  imagination,  and  such  structures  cannot  but  be  unsightly 
and  ruinous  to  the  appearance  and  comfort  of  any  city  street. 

The  writer  cannot  agree  that  it  is  advisable  to  reduce  the  ultimate 
stress  on  basic  steel  to  61  000  lbs.,  nor  has  it  been  his  experience  that 
basic  steel  is  less  uniform  in  quality  than  acid.     The  material  for  the 
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Mr.  Hodge.  Duluth  aud  Sui^erior  Bridge  was  ordered  under  the  following  si^ecifi- 
cations :  Ultimate,  63  000  to  70  000  lbs. ;  elastic,  55^  of  ultimate  ; 
elongation  in  8  ins.,  22)!^;  reduction,  40  per  cent. 

The  use  of  either  acid  or  basic  steel  was  allowed,  except  that  acid 
was  required  for  eye-bars.  The  acid  was  not  to  contain  more  than 
O.OS^*  of  phosjjhorus,  or  the  basic  more  than  O.Ol^"  of  jihosphorus. 
No  difficulty  was  experienced  in  getting  material  of  these  qualifica- 
tions, nor  did  the  manufacturers  object  to  it  as  difficult  to  make,  and 
the  amount  of  material  rejected  for  failing  to  come  up  to  these  specifi- 
cations was  so  small  as  to  be  hardly  worth  consideration.  There  was 
about  1  000  tons  of  acid  steel  and  2  000  tons  of  basic  steel,  and  the 
maximum  and  minimum  values  obtained  from  all  specimen  tests,  in- 
cluding the  tests  on  material  rejected,  were  as  follows: 

Acid  steel.  Basic  steel. 

Ultimate 58  710  to  74  840  51  780  to  76  700 

Elastic 31  500  to  46  660  32  600  to  49  100 

Elongation  in  Sins.   14. 5  "j^  to  34.5%"  17.5%^  to  33^^,'' 

Seduction 25.6,%"  to  63.7%'  31.7%  to  65.3% 

Phosphorus 0. 018%  to  0. 08  "^  0. 007  'V  to  0. 036% 

Considering  there  was  twice  as  much  basic  as  acid  material,  the 
writer  thinks  these  results  show  basic  steel  to  be  not  less  uniform  than 
acid.  Of  course,  these  values  are  all  extremes  from  a  very  large  number 
of  tests,  and  in  some  cases  are  caused  by  hard  or  soft  spots;  so  while 
they  may  not  show  the  average  character  of  the  material,  they  at  least 
show  what  extreme  variations  may  be  found  in  a  large  amount  of 
material. 

In  this  structure  the  metal  for  the  wheel  treads  of  the  turntable  was 
required  to  fill  the  following  specification :  Ultimate,  70  000  to  80  000 
lbs.;  elastic,  50%"  of  ultimate;  elongation  in  8  ins.,  20%;  reduction, 
35  per  cent. 

The  results  of  tests  on  basic  steel  were:  Ultimate,  70  980  to  72  050 
lbs. ;  elastic,  47  240  to  49  150  lbs. ;  elongation  in  8  ins.,  24.5%"  to  27.5%; 
reduction,  50.9%  to  55.2  per  cent. 

As  such  a  grade  of  basic  steel  can  be  made  without  greatly  increased 
cost,  the  writer  sees  no  reason  for  putting  the  ultimate  so  low  as  61  000, 
and  would  advocate  from  63  000  to  70  000  lbs.  In  the  enumeration 
in  the  paper  of  faulty  details,  it  seems  to  the  writer  that  a  number 
are  not  details  at  all,  but  main  principles,  as  the  designer  who  does 
not  use  sufficient  bracing  between  longitudinal  girders,  or  put  suffi- 
cient rivets  in  joints,  or  jDroportion  the  chords  of  girders  for  bending 
as  well  as  direct  stress,  or  proportion  columns  for  the  horizontal  as 
well  as  vertical  loads,  or  use  bases  large  enough  to  carry  the  loads 
under  columns,  is  not  worthy  of  the  name  of  engineer.  These  and 
several  other  so-called  details  are  such  elementarv  matters,   now  so 
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generally  attended  to,  that  it  is  certainly  useless  to  call  any  reputable  Mr.  Hodge, 
engineer's  attention  to  them. 

The  writer  thinks  it  unnecessary  to  increase  the  theoretical  number 
of  rivets  in  a  member,  if  such  number  is  small,  for  fear  one  may  be 
loose,  as  such  a  possibility  should  be  guarded  against  by  setting 
proper  valuations  on  rivet-bearing  and  shearing.  If  one  started  to 
"  guess  "  how  many  extra  rivets  should  be  allowed  at  each  joint,  why 
trust  to  figures  at  all?  Gravity  lines  should  intersect  in  a  point,  of 
course,  to  prevent  torsion  on  the  riveted  joints. 

Nor  does  the  writer  see  any  reason  why  lacing  should  not  be  relied 
on  to  carry  horizontal  thrust  in  the  column,  as  the  lacing  is  generally 
on  each  side  of  the  column,  and  in  most  cases  has  two  rivets  in  each 
lattice,  so  it  will  be  necessary  for  four  rivets  to  be  loose  instead  of  one, 
as  stated  in  the  paper,  to  destroy  the  efficiency  of  the  lattice.  The 
necessity  of  giving  away  material  to  avoid  any  siich  improbable  con- 
tingency is  difficult  to  see.  As  to  aesthetics,  the  writer  believes  that 
most  engineers  had  by  all  means  better  call  in  an  experienced  architect 
to  give  assistance  in  such  matters,  as  he  thinks  such  a  man's  idea  would 
doubtless  be  a  great  improvement  on  the  one  suggested. 

Bernt  Beegek,  Assoc.  M.  Am.  Soc.  C.  E. — The  author  states  that  the  Mr.  Berger. 
results  of  his  examination  of  previously  constructed  elevated  railroads 
amount  simply  to  the  accumulation  of  a  great  mass  of  information  ex- 
emplifying "how  not  to  do  it."  It  appears,  however,  as  if  he  has 
consciously  or  unconsciously  made  use  of  several  features  of  the  older 
systems  of  elevated  railroads. 

In  all  the  early  elevated  railroad  structures  in  New  York  the  columns 
were  anchored  to  the  foundations,  and  the  anchor  rods  were  run  through 
to  the  bottom  and  not  stopped  off  in  the  middle  of  the  mass.  The 
writer  does  not  mean  to  say  that  such  anchorage  is  necessarily  a  point  of 
excellence,  but  the  idea  is  an  old  one.  The  rigid  connection  of  the  cross- 
girders  to  the  i^osts  was  used  as  early  as  1878  in  the  City  Hall  branch 
of  the  elevated  railroad  in  New  York.  Here  the  columns  are  formed 
of  two  15-in.  channels  latticed  and  inserted  into  deep  pedestal  castings, 
which  are  anchored  to  the  foundations.  One  channel  is  cut  off  under  the 
bottom  flange  of  the  cross  girder,  which  rests  on  it,  and  the  other  chan- 
nel extends  to  the  top  flange  of  the  girder  and  is  riveted  to  its  vertical 
end  angles.  Theodore  Cooper,  M.  Am.  Soc.  C.  E.,  who  had  charge  of  this 
work  during  its  construction,  copied  this  detail  in  his  design  of  the  ele- 
vated structure  for  the  Pittsburg  Junction  Railroad  in  1883,  and  the 
same  method  of  connecting  the  cross-girders  to  the  columns  has  been 
used  in  several  other  elevated  railroad  structures. 

In  Fig.  35  is  shown  a  rigid  connection  of  cross-girders  to  columns, 
where  the  former  overhang  the  latter,  employed  by  Mr.  Cooper  in  his 
design  for  the  Suburban  Rapid  Transit  Railway  in  New  York  in  1886. 
The  channels  of  the  columns  are  cut  ofl"  under  the  bottom  flange  of  the 
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Mr.  Berger.  cross-girders,  a  batten  jjlate  extended  up  on  eacli  side  of  tlie  girder  to 
wliich  are  riveted  two  angles  whieli  again  are  riveted  to  web-stiffening 
angles  on  tbe  girder.  This  top  connection  gives  all  tbe  required 
rigidity  to  tlie  structure.  The  foot  of  the  columns  is  not  anchored  to 
the  foundation,  but  rests  on  a  cast-iron  pedestal  which  raises  it  above 
the  dirt  and  moisture  of  the  street.  The  same  cut  also  shows  the  ex- 
pansion pocket.  The  jiocket  is  particularly  strong  in  the  girder  seat, 
the  vertical  webs  of  the  channels  precluding  any  possibility  of  undue 
yielding  of  the  seat  and  working  of  the  rivets. 


'12  X  J^  PI 


Fig.  35. 

Fig.  36  shows  the  exj^ansion  pocket  for  the  railroad  stringers  of  the 
Asylum  Street  improvements  at  Hartford,  Conn.  This  elevated  rail- 
road structure  was  built  in  1888,  is  about  670  ft.  long,  in  part  on  a 
curve,  and  carries  four  tracks  and  three  platforms.  It  was  designed 
for  Class  A  of  Mr.  Cooper's  specifications.  The  pocket  is  a  very  strong 
and  rigid  one,  the  side  plates  and  angles  having  been  extended  the 
full  depth  of  the  cross-girder.  In  the  same  structure  stiff  transverse 
sway  bracing  was  used. 
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Botli  expansion  j^oekets  are  provided  with  |-in.  safety  bolts  to  pre-  Mr.  Berger. 
vent  any  possibility  of  the  contraction  of  the  structure  under  falling 
temperature  becoming  concentrated  at  any  one  pocket. 

The  introduction  of  braced  towers  is  admirable,  and  it  is  the  au- 
thor's good  fortune  that  his  structure  was  so  located  as  to  permit  it. 
The  writer  is  in  accord  with  him  in  his  strong  plea  for  reaming  of 
riveted  members,  which  reaming  must,  however,  by  no  means  be  un- 
derstood to  do  away  with  careful  work  in  punching. 

Walter  T.  Smith,  Jun.  Am.  Soc.  C.  E. — The  writer,  who  was  con- Mr.  Smith, 
nected  for  over  two  and  one-half  vears  with  the  Wabash  Avenue  ex- 


FiG.  36. 

tension  of  the  Lake  Street  road  and  with  both  the  Northwestern 
and  Union  Elevated  construction,  touches  on  the  following  features, 
not  in  a  spirit  of  criticism,  but  rather  that  some  views  contrary  to 
those  of  the  author  may  be  noted  and  corrected  if  wrong. 

The  first  subject  is  the  radical  change  over  other  elevated  road  con- 
struction in  the  introduction  of  tower  spans,  23  ft.  6  ins.  center  to 
center  of  columns,  braced  both  longitudinally  and  transversely  to  the 
column  foot,  as  shown  in  the  details.  The  reason  given  for  this  is  the 
fact  that  express  trains  are  to  be  run  over  the  surface  at  a  rate  of  40 
miles  per  hour,  making  this  condition  necessary  to  take  the  traction 
force  due  to  the  braked  train.     This  assumption  was  made,  evidently, 


424  CORRESPONDENCE   ON"    ELEVATED    RAILROADS. 

Mr.  Smith,  owing  to  the  fact  that  every  fourth  span  has  an  expansion  joint, 
thereby  making  it  impossible  to  direct  this  longitudinal  force  into 
more  than  four  spans  or  sixteen  columns  at  one  time,  or  at  least  dur- 
ing the  period  of  maximum  stress.  This  would  be  true  without  doubt 
were  the  structure  proper  only  to  be  taken  into  consideration,  but  this 
view  does  not  show  all  the  facts  of  the  case. 

The  maximum  condition  of  stress  is  due  to  a  loaded  train  consisting 
of  one  motor  car  and  three  trailers,  weighing  in  all  about  180  000  lbs. , 
running  at  the  rate  of  40  miles  i^er  hour.  It  is  found  necessary  to 
stop  this  train  in  the  least  possible  time.  By  knowing  the  distance 
which  the  train  travels  after  brakes  are  applied  and  the  time  necessary 
to  bring  it  to  a  stop,  the  calculation  of  the  force  of  traction  or  thrust 
could  be  made  without  difficulty.  This  whole  force  would  be  applied 
to  a  single  section  between  two  expansion  joints,  owing  to  the  fact 
that  the  train  length  is  about  150  ft. ,  while  the  distance  between  the 
expansion  joints  is,  at  times,  more,  were  it  not  for  the  deck  work,  and 
this  changes  existing  conditions  totally.  In  each  track  system  there 
are  four  guard  rails  and  two  running  rails.  These  six  rails  form  the 
structure  into  a  mass  in  such  a  manner  that  if  a  strain  is  put  upon  any 
part  of  the  deck,  it  is  carried  over  a  large  extent  of  its  surface.  It  is 
true  that  the  space  for  expansion  of  the  running  rail  would  tend  to 
cause  a  sliding  of  that  rail  were  any  considerable  longitudinal  strain 
put  upon  it. 

In  case  this  sliding  does  occur,  the  friction  of  the  spike  and  tie 
Ijearing  will  convey  the  thrust  into  the  tie,  and  from  there  it  must 
either  be  taken  up  by  the  tie  bearing  of  the  girder  or  by  the  guard 
rail.  Reason  would  certainly  denote  the  latter,  for  the  ties  and  guard 
rails  are  bolted  together  in  such  a  manner  as  to  render  it  impossible 
for  one  to  act  without  the  other,  while  the  connection  between  the  tie 
and  the  girder  is  not  by  any  means  a  complete  one,  for  if  such  were 
the  case,  expansion  of  the  metal  would  injure  the  alignment  of  the 
deck.  This  last  statement  is  true  to  a  greater  extent  of  the  roads  in 
question  than  on  the  Metropolitan  Elevated  of  Chicago,  for  that  road 
has  bolted  all  ties  to  the  flange  of  the  girder  while  the  Northwestern 
and  Union  Elevated  use  hook  bolts  on  each  second  tie  only. 

The  conclusion  drawn  from  these  conditions  is  that  the  stress  due 
to  braked  trains  is  not  conveyed,  to  any  extent,  to  the  columns.  It 
would  be  unreasonable  to  say  that  this  stress  does  not  affect  the 
columns  at  all,  for  the  fact  that  the  longitudinals  and  columns  are 
riveted  together  makes  it  impossible  for  one  to  act  without  some  effect 
on  the  other.  At  the  same  time  no  bending  can  be  produced  upon 
the  column,  for  it  is  counteracted  by  the  deck.  Were  the  longitudinals 
made  continuous  for  long  distances  and  the  only  connections  with  the 
columns  were  by  bearing  plates  or  rolls,  so  as  to  leave  absolutely  no  re- 
sistance but  that  of  a  body  at  rest,  there  would  be  no  direct  longitud- 
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inal  motion.     This  would  have  a  tendency  to  aggravate  the  transverse  Mr.  Smith, 
stress  greatly,  in  that  it  woiild  be  continuous,  and  for  that  reason,  if 
no  other,  the  author's  idea  of  carrying  the  columns  to  the  full  height 
of  the  structure  is  to  be  commended. 

A  point  of  contention  might  be  as  to  whether  the  mass  of  the 
structure  is  in  stable  or  unstable  equilibrium.  The  fact  that  a  large 
body  is  supported  by  a  column  of  small  area  in  proportion  to  its 
size,  or  a  number  of  them,  does  not  make  it  unstable,  provided  the 
forces  acting  upon  that  body  do  not  tend  to  move  it  to  a  sufficient  ex- 
tent that  its  own  weight  is  added  to  the  forces  already  employed. 
Were  the  action  of  the  train  large  enough  in  proportion  to  the  struct- 
ure affected  to  j^roduce  a  tendency  in  the  mass  of  the  steel  to  move  in 
the  direction  that  the  train  travels  and  thereby  lend  its  own  weight  to 
the  force  of  the  train,  the  bending  of  the  columns  would  be  severe. 
This  is  not,  however,  within  the  bounds  of  reason  and  can  be  at  once 
dismissed.  It  will  be  assumed  that  the  action  of  this  longitudinal 
thrust  is  wholly  taken  uja  by  that  portion  of  the  structure  iipon  which 
the  train  runs,  that  is,  upon  two  of  the  longitudinals  with  the  deck. 
This  assumption  is  greatly  on  the  side  of  safety,  for  the  design  of  the 
structure  makes  it  impossible  to  strain  this  one-track  system  without 
affecting  to  some  degree  the  other  three,  and  especially  that  on  the 
same  side  of  the  center.  If  the  force  is  confined  to  this  single  track, 
however,  and  its  action  does  not  extend  more  than  twice  or  three  times 
the  length  of  the  train  in  either  direction,  there  is  a  weight  equal  to 
three  times  that  of  the  train  which  must  needs  be  set  in  motion  before 
bending  can  occur.  Were  it  possible  to  design  a  column  section  in 
any  case,  which  would  carry  the  load  due  to  compression,  without 
longitudinal  strength,  then  some  metal  might,  in  this  case,  be  neces- 
sary to  withstand  any  light  stress  caused  by  thrust.  This  being 
impossible,  however,  the  conclusion  is  drawn  that  any  metal  used  in 
any  part  of  the  structure  to  withstand  horizontal  thriist  in  a  longitu- 
dinal direction  is  superfluous  and  a  needless  expense.  This  same  rule 
could  be  applied  to  the  transverse  bracing  of  the  towers  in  a  four-track 
structure.  The  force  of  impact  is  not  severe,  and  the  width  of  the 
structure  makes  it  perfectly  stable.  This  in  no  way  aijplies  to  lateral 
systems  used  to  stiffen  girders,  or  to  cross  frames. 

The  question  as  to  what  construction  of  guards  is  the  most  useful 
seems  to  be  one  of  great  importance  and  interest  to  all  who  are  con- 
cerned in  any  way  with  elevated  roads.  On  the  lines  under  considera- 
tion a  6  X  6-in.  inner  guard  is  used,  while  the  outer  one  is  6  x  8  ins. 
Would  not  a  6  X  8  in.  be  better  for  the  inner  rail?  Without  doubt,  it 
is  the  more  important  of  the  two,  and  should  the  car  jump  the  track, 
more  lifting  power  would  be  necessary  to  carry  it  over  the  high  rail 
than  the  low.  It  is  true  that  in  case  of  a  blow  the  high  rail  would  be 
more  likely  to  split  than  the  low,  yet  it  would  seem  very  doubtful  if 
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Mr.  Smith,  a  blow  of  that  severity  could  be  produced  on  the  inner  rail,  which  is 
but  4  ins.  from  the  track  rail. 

The  outer  guard  to  a  large  extent  is  a  matter  of  sentiment.  Its  only 
practical  use  can  be  that  it  stiffens  the  outer  ends  of  the  tie  and  might 
in  that  way  prevent  a  wreck.  Could  the  outer  guard  be  placed  far 
enough  from  the  track  rail  to  allow  the  entire  right  wheel  of  the  car  to 
pass  over  the  inner  guard  before  the  left  wheel  struck  the  outer  guard, 
its  practical  use  would  be  established.  As  this  is  not  possible  in 
present  construction,  the  matter  need  not  be  discussed.  The  outer 
guard,  however,  lends  an  appearance  of  security  for  the  traveling 
public  which  possibly  warrants  its  use. 
Mr.  Treadwell.  Lee  Treadwell,  M.  Am.  Soc.  C.  E. — Few  engineers  will  deny  the 
fact  that  an  elevated  railroad  should  be  built,  not  only  to  carry  the  as- 
sumed live  and  dead  loads,  but  also  to  resist  the  longitudinal  thrust 
of  braked  trains,  the  centrifugal  force  of  moving  loads  on  curves,  and 
a  lateral  force  on  tangents  due  to  wind  pressure  and  the  oscillations 
of  moving  trains.  At  the  same  time,  however,  each  designer  will 
probably  have  his  own  ideas  as  to  how  the  longitudinal  forces  should  be 
distributed.  Judging  from  most  of  the  elevated  roads  now  in  ex- 
istence, it  would  seem  that  the  general  practice  has  been  to  assume 
that  the  track  and  guard  rails  make  the  structure  continuous  over  the 
expansion  joints,  and  therefore,  that  the  longitudinal  thrust  of  braked 
trains  is  distributed  over  a  long  stretch  of  track.  It  is  true  that  the 
track  and  guard  rails  do  give  to  the  structure  a  certain  amount  of  con- 
tinuity, but  it  is  an  uncertain  factor  and  should  not  be  counted  upon, 
except  in  special  cases.  The  author's  method  of  treating  that  jiortion 
of  the  structure  between  expansion  points  as  entirely  independent 
and  separate,  and  in  designing  it  to  resist  all  the  forces  that  can  be 
applied  between  those  points,  is  undoubtedly  to  be  commended;  in 
fact  it  would  seem  to  be  the  most  scientific  way  of  solving  the  problem. 
Granting,  however,  that  so  far  as  strength  is  concerned,  the  track  does 
make  the  structure  continuous,  the  author's  method  would  still  be 
preferable,  for  it  leads  to  the  attainment  of  one  of  the  most  desirable 
qualities  in  an  elevated  railroad,  namely,  that  of  rigidity. 

4-gain)  few  will  question  the  author's  statement  that  an  elevated 
railroad  should  be  built  with  the  same  degree  of  excellence  in  respect 
to  quality  of  material  and  workmanship  as  that  of  any  railroad  bridge, 
and  he  is  probably  not  going  too  far  when  he  intimates  that  it  might 
be  well  to  make  the  details  and  connections  even  more  nearly  jser- 
fect  in  the  former  than  in  the  latter.  The  reason  for  this  is,  as  stated 
in  the  paper,  that  a  railroad  bridge  will  generally  receive  its  maximum 
live  load  at  comparatively  long  intervals  only,  while  in  the  case  of  an 
elevated  railroad  the  assumed  maximum  live  load  may  be  aj^plied 
many  times  a  day.  Another  reason  wh^  the  greatest  care  should  be 
taken  in  detailing  an  elevated  railroad  is  that  owing  to  the  frequency 
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of  the  trains,   it  is  in  an  almost   continuous   state  of  vibration  and  Mr  Treadwell. 
tremor,  which  tends  to  work  the  connections  loose  and  weaken  the 
structure. 

In  respect  to  the  use  of  "  unreamed  soft  steel  at  a  low  intensity  of 
working  stress,  or  reamed  medium  steel  at  a  higher  intensity,"  the 
author  shows  his  good  judgment  in  his  final  decision  to  use  medium 
steel  throughout.  If,  however,  it  be  claimed  that  rigidity  is  one  of 
the  essential  qualities  of  an  elevated  railroad,  it  must  be  admitted, 
also,  that  the  use  of  "soft  steel  at  a  low  intensity  of  working  stress" 
has  at  least  one  advantage  over  "medium  steel  at  a  higher  intensity." 
The  advantage  depends  on  the  difi'erence  in  the  unit  strains  used,  for, 
as  the  elastic  coefficients  of  the  two  metals  are  equal,  the  deflections 
and  consequent  vibrations  will  be  in  direct  proportion  to  the  fiber 
strains  used  in  designing.  It  necessarily  follows,  therefore,  that, 
everything  else  being  equal,  the  lower  the  unit  strains  used,  the  more 
rigid  will  be  the  structure. 

It  is  also  claimed  by  some  engineers  that  soft  steel  is  better  suited 
than  medium  steel  to  resist  suddenly  induced  strains;  and  for  short- 
span  bridges  in  particular,  the  use  of  the  softer  metal  is  urged.  The 
author  himself  half  admits  these  claims  to  be  w^ell  founded.  Then,  if 
it  be  true  that  the  nature  of  soft  steel  is  such  as  to  make  that  metal 
more  reliable  than  medium  steel  under  shocks  of  greater  or  less  in- 
tensity, it  would  only  seem  proper  under  those  conditions  to  strain 
the  two  metals  about  alike,  up  to,  say,  8  000  or  10  COO  lbs.  i^er  square 
inch,  assuming  that  the  advantage  gained  in  the  softer  quality  of  one 
metal  is  sufficient  to  offset  the  greater  elastic  limit  of  the  other.  If  it 
be  taken  for  granted,  also,  as  claimed  by  many  manufacturers,  that 
the  reaming  out  of  the  cracked  metal  around  punched  rivet  holes  does 
not  materially  increase  the  strength  of  the  section,  and  especially  its 
elastic  limit,  then  soft  steel  would  seem  to  be  an  ideal  metal  for  an 
elevated  railroad,  and  there  would  undoubtedly  be  a  considerable 
saving  in  cost  by  using  it  in  preference  to  reamed  medium  stee  1. 

In  the  writer's  oi^inion  most  of  the  advantages  claimed  for  soft 
steel  are  entirely  problematical,  and,  except  for  special  purposes,  he 
does  not  advocate  its  use.  In  point  of  endurance  it  has  been  pretty 
well  demonstrated  among  mechanical  engineers  that  soft  steel  is  far 
inferior  to  a  higher  carbon  metal  ;  and  there  seems  to  be  no  good 
reason  why  civil  engineers  should  not  profit  by  the  experience  of  their 
mechanical  brethren.  Take,  for  example,  car  axles,  crank  shafts, 
piston  rods,  and  steel  rails — how  is  it  that  they  manage  to  stand  up 
so  well  when  strained  in  almost  every  conceivable  way  ?  Does  not  the 
chief  reason  lie  in  the  fact  that  they  have  a  high  elastic  limit  and  ulti- 
mate strength  ?  That  is  certainly  the  most  plausible  explanation. 
It  may  be  claimed  that  car  axles  and  crank  shafts  are  made  of  a  better 
quality  of  metal,  which  is  imi^roved  by  forging ;  but,  however,  that 
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Mr.  Treathvell.  may  be,  the  same  can  hardly  be  said  to  be  true  of  steel  rails,  for  they 
are  rolled  from  Bessemer  steel,  and  have  an  elastic  limit  usually  not 
below  50  000  lbs.  per  square  inch.  It  would  seem  to  follow,  therefore, 
that,  other  conditions  being  the  same,  the  capacity  of  steel  to  resist 
indefinitely  the  application  of  externally  applied  forces  without  injury 
to  itself  is  measured  by  its  elasticity.  The  higher  the  elastic  limit,  the 
greater  are  its  resisting  powers  and  the  longer  will  be  its  life. 

Why.  then,  it  may  be  asked,  is  soft  steel  so  often  called  for  ?  One 
reason  is,  that  some  engineers  believe  it  more  nearly  approaches  the 
nature  of  wrought  iron,  and  that  it  is,  therefore,  more  suitable  for 
short-span  bridges;  in  other  words,  that  it  is  more  reliable  than  medium 
steel  under  shocks  and  suddenly  induced  strains.  As  before  stated, 
these  claims  do  not  seem  to  be  thorovighly  founded  on  facts.  Actual 
experience  with  both  metals  under  heavy  strain,  especially  in  the  field 
of  mechanical  engineering,  where  the  wear  and  tear  is  more  easily  ob- 
served, is  constantly  adding  additional  proof  of  the  inferior  quality  of 
soft  steel  as  a  durable  and  serviceable  metal. 

Another  and  probably  more  important  reason  why  unreamed  soft 
steel  is  so  widely  favored  is  due  to  two  facts  ;  first,  it  is  cheaper 
pound  for  poimd  than  reamed  medium  steel ;  and,  second,  most  manu- 
facturers favor  its  use  because  it  is  claimed  to  be  easier  to  make  and 
easier  to  manipulate  in  the  shop.  Taken  as  they  come  from  the  roll- 
ing mill,  there  is  practically  no  difference  in  the  cost  of  the  two 
metals,  but  in  the  shop  it  must  be  admitted  that  the  softer  and  more 
pliable  a  metal  is,  the  easier  and  less  expensive  are  the  operations  of 
straightening  and  punching.  The  difference  in  manipulation  is  so 
slight,  however,  that  most  manufacturers  will  bid  the  same  pound 
price  on  unreamed  work  whether  it  be  of  soft  or  medium  steel. 
Nevertheless,  pay  the  contractor  the  added  cost  of  straightening, 
punching  and  reaming,  and  he  would  still  rather  use  soft  steel  and 
punch  the  rivet  holes  full  size,  simply  because  the  operation  of  ream- 
ing retards  the  progress  of  work  in  the  shop,  Avhile  his  interests 
require  that  it  be  pushed  through  in  the  shortest  time  possible.  It  is 
a  business  proposition  that  no  contractor  can  afi'ord  to  ignore  in  these 
days  of  strong  competition,  especially  when  there  is  a  large  demand 
for  work  to  be  delivered  in  a  limited  time.  If  the  manufacturer  be 
paid  for  the  extra  work  of  sub-punching  and  reaming,  it  is  not  clear 
why  he  should  oppose  it  on  any  other  grounds  than  that  it  reduces 
the  output  of  his  shop.  Conditions  are  changing  somewhat,  though, 
and  fewer  objections  to  reaming  are  heard  now  than  formerly.  Most 
of  the  leading  bridge  companies  are  well  equipped  for  drilling  and 
reaming,  and  they  are  still  making  improvements  in  their  equipment 
along  that  line.  The  chief  engineer  of  one  of  the  larger  companies 
told  the  writer  recently  that  the  reaming  capacity  of  his  shop  was. 
about  equal  to  its  riveting  capacity. 
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How  much  cheaper  is  the  finished  product  of  unreamed  soft  steel  Mr.  Treadwell. 
than  reamed  medium  steel  ?  According  to  the  author,  the  cost  of 
reaming  varies  from  one-tenth  to  two-tenths  of  a  cent  per  jiound.  To 
illustrate  further,  suppose  bids  to  be  invited  on  1  000  tons  of  struct- 
ural work  erected  and  painted,  first,  on  unreamed  soft  steel;  and 
second,  on  reamed  medium  steel.  The  bidders  would  make  less  than 
lOj}^  diflference  in  the  pound  prices  for  the  two  metals.  The  author 
states,  also,  that  reamed  medium  steel  may  be  strained  10%  higher 
than  soft  steel.  Some  specifications  allow  15%  difi"erence.  The  author's 
statement,  therefore  that  "  as  far  as  the  total  cost  is  concerned, 
it  is  immaterial  whether  unreamed  soft  or  reamed  medium  steel  be 
used,"  is  rather  conservative  than  otherwise  in  favor  of  the  latter 
metal.  Then  there  still  remains  in  favor  of  medium  steel  the  advan- 
tage gained  in  the  superior  workmanship  due  to  reaming;  such,  for 
instance,  as  the  jjerfect  matching  of  rivet  holes  in  the  main  members 
and  the  consequent  better  fitting  of  all  the  parts.  It  is  self-evident 
that  the  more  nearly  perfect  the  joints  and  connections  of  any  struct- 
ure are  fitted  together,  the  more  rigid  and  durable  it  will  be. 

By  soft  and  medium  steel,  the  writer  refers  to  metals  having  aver- 
age ultimate  strengths  of  56  000  and  64  000  lbs.  per  square  inch, 
respectively.  It  may  be  added  that  no  such  distinction  is  observed 
by  the  majority  of  rolling  mills.  With  them,  the  limits  govern  rather 
than  the  averages  called  for  in  the  specifications.  In  specifications  for 
soft  steel  the  ultimate  strength  is  generally  limited  to  60  000  or  62  000 
lbs.  per  square  inch,  while  for  medium  steel  it  is  generally  required  that 
the  ultimate  tensile  strength  shall  be  not  less  than  58  000  to  60  000  lbs. 
per  square  inch.  Here  there  is  a  maximum  overlap  of  4  000  lbs.  per 
square  inch.  The  engineer  who  wrote  the  specifications  for  soft  steel 
could  not  be  persuaded  to  change  to  medium,  and  the  designer  who 
called  for  medium  steel  would  be  highly  indignant  if  asked  to  accept 
the  softer  metal  instead.  The  truth  of  the  matter  is,  however,  that 
many  of  the  mills  are  daily  filling  orders  for  both  specifications  from 
practically  the  same  grade  of  metal.  Its  ultimate  strength  averages 
from  58  000  to  62  000  lbs.  pev  square  inch,  and  as  the  limits  of  neither 
specification  are  transgressed,  both  the  engineer  and  the  designer  are 
well  pleased  with  what  they  get. 

This  practice  on  the  part  of  the  rolling  mills  of  striking  an  average 
between  soft  and  medium  steel,  rather  than  any  lack  of  uniformity  in 
the  basic  open-hearth  product,  is  possibly  responsible  for  the  facts 
which  led  the  author  to  state,  that  "the  ref)orts  of  the  company's  in- 
spectors indicate  that  the  basic  steel  is  not  quite  so  uniform  in  quality 
as  the  acid;  and  that  it  may  prove  advisable  in  future  specifications 
for  basic  medium  steel  to  reduce  the  average  ultimate  stress  limits 
from  64  000  to  61  000  lbs.  per  square  inch." 

Excluding  metal  rolled  for  rivets,  it  is  probably  safe  to  say  that 
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Mr.  Treadwell.  90%"  of  the  soft  and  medium  steel  rolled  at  the  present  time  for  struct- 
ural purposes  has  an  ultimate  strength  between  the  limits  of  56  000 
and  66  000  lbs.  per  square  inch,  a  range  of  only  10  000  lbs.  which  some 
manufacturers  claim  should  be  allowed. 

It  is  possible,  then,  that  authors  of  specifications  are  splitting 
hairs  and  quibbling  over  the  difference  between  soft  and  medium  steel 
to  no  purpose.  It  is  to  be  hoped  that  such  is  not  the  case,  but  it 
must  be  confessed  that  there  is  some  ground  for  such  a  declaration. 
Why  not  adopt  a  single  standard  at  once  and  be  done  with  it?  There 
are  three  courses  open;  first,  accept  and  be  contented  with  the  present 
imperfect  system;  second,  retain  the  distinction  between  soft  and 
medium  steel,  but  require  that  the  metal  furnished  shall  have  an 
ultimate  strength  equal  to  that  called  for  in  the  specifications,  and 
not  an  avex'age  2  000  or  3  000  lbs.  above  or  below;  third,  abandon 
the  distinction  between  soft  and  medium  steel,  and  adopt,  for 
all  general  piirposes,  a  uniform  metal  of  the  highest  grade  the 
manufacturer  can  make  consistent  with  the  cost,  regularity  and 
reliability  of  the  product.  At  ijresent,  an  average  ultimate  strength 
of  from  60  000  to  62  000  lbs.  per  square  inch  would  probably  be  about 
right.  It  would  be  necessary,  of  course,  to  continue  to  make  rivets 
of  soft  steel;  and  for  very  long  span  bridges  it  would  be  advantageous 
to  use  a  higher  grade  of  steel,  having  an  ultimate  strength  of,  say, 
62  000  to  70  000  lbs.  per  square  inch,  even  if  the  cost  shoixld  be 
increased  somewhat. 

If  it  were  proposed  to  abandon  the  present  distinction  between 
soft  and  medium  steel,  there  woiild  probably  be  a  vigorous  protest 
from  the  engineering  profession  in  general;  but,  however  that  may 
be,  much  may  be  said  in  favor  of  a  single  standard  for  structural  steel. 
In  the  first  j)lace,  the  difference  between  the  ultimate  strength  of  such 
a  standard  and  the  ultimates  now  called  for  in  specifications  for  soft 
and  medium  steel  would  be  insignificant  when  reduced  to  the  corre- 
sponding working  stresses,  especially  when  it  is  remembered  that 
authors  of  specifications  differ  greatly  in  the  unit  stresses  allowed  in 
designing. 

Again,  if  a  single  standard  were  adopted,  the  manufacturer  would 
doubtless  feel  disjaosed  to  improve  his  metal  in  the  direction  of  a 
higher  elastic  limit,  and  at  the  same  time  preserve  its  uniformity  and 
toughness;  but  so  long  as  he  is  required  to  make  both  soft  and 
medium  steel  upon  specifications  that  overlap,  so  long  will  the  metal 
prodiiced  be  neither  soft  nor  medium  steel  in  the  strictest  sense,  but 
an  approximate  average  between  the  two.  Then,  too,  if  the  manu- 
facturer were  required  to  make  only  one  grade  of  metal,  it  would 
naturally  be  more  uniform  and  regular  in  quality,  which  would  tend, 
also,  to  decrease  the  cost  of  manufacture  slightly. 

In  speaking  of  the  relative  merits  of  acid  and  basic  open-hearth 
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steel,  the  author  states  that  "  the  reports  of  the  company's  inspectors  Mr.  Treadwell. 
indicate  that  the  basic  steel  is  not  quite  so  uniform  in  quality  as  the 
acid."  During  the  last  two  or  three  years  it  has  been  the  writer's 
privilege  to  spend  considerable  time  in  the  shops  of  some  of  the  lead- 
ing bridge  companies,  and,  in  addition  to  observing  closely  the  various 
manipulations  the  metal  must  undergo  before  it  is  finished  ready  to 
ship,  he  has  conversed  more  or  less  with  those  who  are  familiar  with 
the  conduct  of  the  metal  at  every  stage  of  its  manufacture.  The  in- 
formation gained  in  this  way,  added  to  the  results  of  the  testing 
laboratory,  tend  to  convince  him  that  the  product  of  the  acid  open- 
hearth  furnace  is  somewhat  superior  to  that  of  the  basic  furnace, 
notwithstanding  the  claims  of  some  of  the  manufacturers  to  the  con- 
trary. 

In  the  first  place  it  is  perfectly  rational  that  acid  steel  should  be 
better,  for  it  is  more  homogeneous  in  its  molecular  construction. 
When  properly  manii^ulated,  it  does  not  require  to  be  recarbonized. 
Basic  steel,  however,  is  first  run  very  low  in  carbon  so  as  to  reduce 
the  amount  of  the  impurities  in  the  metal,  and  especially  to  lower  the 
percentage  of  j^hosphorus.  It  is  then  recarbonized,  and  to  perform 
that  operation  so  as  to  obtain  a  thorough,  complete  and  even  distribu- 
tion of  the  carbon  throughout  every  particle  of  25  tons  of  metal  in 
one  mass  is  practically  impossible.  It  must  be  admitted,  though,  that 
such  a  high  degree  of  perfection  has  been  obtained  in  this  direction 
that  it  is  exceedingly  difficult  to  distinguish  the  two  metals  in  the 
ordinary  laboratory  tests.  If  a  large  number  of  full-size  members 
were  tested  to  destruction,  it  is  possible  that  the  difference  would  be 
more  noticeable.  For  instance,  in  the  test  to  destruction  of  full-size 
eye-bars  of  considerable  length,  it  has  been  observed  that  the  stretch 
as  measured  foot  by  foot  is  noticeably  more  uniform  in  the  case  of  acid 
than  in  that  of  basic  open-hearth  steel.  This  fact  alone  would  seem 
to  prove  that  the  former  metal  is  more  homogeneous  than  the  latter. 

With  respect  to  the  different  melts  or  heats,  however,  it  is  believed 
that  basic  steel  can  be  made  just  as  regular  in  quality  as  the  acid  pro- 
duct, and  possibly  more  so.  The  reason  for  this  is  the  fact  that  in 
case  of  the  former,  the  quality  of  the  metal  can  be  regulated  in  the 
furnace  by  reducing  the  percentage  of  the  impurities,  and  then  by  re- 
introducing the  proper  amount  of  carbon;  but  in  the  case  of  the  latter, 
the  quality  of  the  metal  depends  on  the  purity  of  the  stock  charged 
into  the  furnace.  In  fact,  owing  to  the  oxidation  of  a  certain  portion 
of  the  iron,  the  jsercentage  of  the  impurities  in  the  final  product  is 
greater  than  in  the  original  stock  or  scrap.  About  the  only  thing  that 
it  is  attemjited  to  regulate  in  the  acid  furnace  is  the  percentage  of 
carbon,  but  if  it  is  run  too  low  in  the  finish  and  has  to  be  recarbonized, 
the  product  is  inferior  to  basic  steel.  Probably  the  best  quality  of 
acid  steel  is  that  made  from  basic  scrap  containing  small  percentages 
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Mr.  Treadwell.  of  sulphur  and  j^liosphorus,  with  enough  pig  iron  added  to  regulate 
the  carbon.     In  one  sense,  therefore,  acid  steel  is  basic  steel  refined. 

Reasoning  along  these  lines,  and  not  forgetting  the  results  of  the 
testing  laboratory,  it  is  difficult  to  understand  how  it  is  possible  to 
produce  basic  steel  superior  to  or  even  equal  in  quality  to  acid  steel, 
provided  the  same  degree  of  care  and  precaution  is  observed  in  the 
manufacture  of  both  metals. 

Assuming  that  acid  steel  is  somewhat  better  than  basic,  it  is  largely 
a  matter  of  cost  whether  the  difference  is  great  enough  to  warrant  any 
decided  preference  being  given  the  former.  Acid  steel  being  made 
l^rincipally  from  selected  scrap,  its  first  cost  would  be  considerably 
increased  if  there  was  a  large  demand  for  it  in  jsreference  to  basic 
steel.  In  view  of  this  fact  alone,  it  is  probably  more  economical  in  the 
end  to  use  the  basic  product,  especially  if  the  ultimate  strength  re- 
quired is  not  greater  than  65  000  lbs.  per  square  inch.  For  metal  with 
an  ultimate  strength  above  65  000  lbs.  per  square  inch, the  writer  would 
give  a  decided  preference  to  the  acid  product. 

When  it  comes  to  sub-i)unching  and  reaming  in  general,  much  may 
be  said  pro  and  con.  It  is  a  subject  on  which  there  will  always  be  a 
diflerence  of  opinion  among  engineers  and  manufacturers.  The  writer 
agrees  with  the  author  that  it  is  just  as  essential  to  ream  soft  steel 
and  wrought  iron  as  it  is  to  ream  medium  steel;  for,  so  far  as  the 
elastic  limit  of  the  metal  is  affected,  one  is  injured  by  punching, 
relatively,  about  as  much  as  the  other.  Then,  too,  it  is  almost  im- 
possible to  make  long  rivets  fill  launched  holes  completely,  even  when 
the  greatest  care  is  taken  in  heatiug  and  driving  the  rivets.  Where 
the  rivets  are  short,  they  can  be  made  to  fill  the  holes  quite  well,  if 
properly  heated. 

The  metal  work  with  the  rivet  holes  punched  |^  in.  less  than  the 
diameter  of  the  cold  rivet  and  reamed  to  the  required  size  after  the 
several  parts  have  been  assembled,  or  to  cast-iron  templets,  is  better 
than  work  with  the  holes  punched  full  size  and  often  badly  matched 
few  will  deny,  but  whether  it  is  always  better  to  the  extent  of  the 
added  cost  of  reaming  is  a  very  difi'erent  question.  The  writer  is  in 
favor  of  sub-punching  and  reaming,  and  particularly  so  when  applied 
to  heavy  and  important  structures,  but  he  does  not  deem  it  essential 
to  ream  "all  metalwork.''  That  high  standard  of  j^erfection  in  work- 
manship might  be  very  desirable,  but  owing  to  economic  considera- 
tions, he  believes  there  is  a  large  class  of  light  work  in  which  it  is 
perfectly  allowable  and  even  advisable  to  omit  sub-j^unching  and 
reaming,  at  least  in  those  cases  where  the  metal  does  not  exceed  f  in. 
in  thickness,  and  where  the  rivets  pass  through  only  three  or  four 
thicknesses  of  jjlate. 

It  is  not  practicable  to  lay  down  an  inflexible  rule  governing  sub- 
punching  and  reaming.     Each  designer  will  have  to  depend  on  his  own 
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judgment  in  the  matter,  being  guided  at  the  same  time  by  the  im-  Mr.  Treadwell. 
portance  of  his  structures  and  the  funds  at  his  disposal;  but  in  case  of 
doubt,  his  decision  will  always  be  a  safe  one  if  cast  in  favor  of  the 
higher  grade  of  workmanship. 

Probably  the  most  valuable  feature  of  the  paper  is  the  illustration, 
description,  and  estimate  of  the  weight  and  cost  per  lineal  foot  of  each 
of  the  thirteen  designs  worked  oiit  by  the  author.  It  is  interesting  to 
follow  the  comparison  made  between  the  different  styles  of  construc- 
tion, and  to  note  that  the  best  form,  namely,  that  with  braced  towers, 
is  the  cheapest.  One  noticeable  feature  of  all  the  designs  is  the  ample 
provision  of  bracing  to  prevent  secondary  stresses  due  to  longitudinal 
and  transverse  forces.  When  tower  bracing  is  used,  the  necessity  for 
fixing  the  tops  of  the  columns  in  the  direction  of  the  longitudinal  axis 
of  the  structure  is  not  api^arent.  Such  a  fixed  condition  of  the  column 
only  augments  the  temperature  stresses  without  gaining  anything  in 
point  of  strength  or  rigidity.  When  the  tower  bracing  cannot  be  used, 
however,  it  is  certainly  advantageous  to  fix  the  columns  at  both  top 
and  bottom. 

Another  noticeable  feature  of  the  author's  design  is  the  extension 
of  the  columns  up  to  the  top  of  the  ti'ansverse  girders.  Whatever  may 
be  said  against  this  practice,  it  certainly  has  the  advantage  of  greater 
strength  and  rigidity.  The  sections  of  the  columns  themselves  could 
hardly  be  improved  upon,  at  least  so  far  as  strength  and  rigidity  are 
concerned. 

Charles  V.  Weston,  Esq.* — The  importance  of  maintaining  a  high  Mr.  Weston, 
standard  in  respect  to  details  and  workmanship  for  elevated  I'ailroad 
construction  cannot  be  overestimated,  and  the  writer  fully  concurs  in 
the  author's  statement  that  an  elevated  railroad  structure  is  just  as 
important  as  any  railroad  bridge  ever  built,  because  the  live  loads  are 
frequently  applied,  and  the  assumed  maximum  loads  veiy  nearly 
reached  many  times  each  day.  The  elevated  railroad  designer  should 
seek  to  obtain  a  structure  combining  the  greatest  possible  rigidity 
with  economic  distribution  of  metal.  This  cannot  be  accomplished 
except  by  the  most  careful  detailing  and  excellence  of  workmanship. 

Sub-jjunching  and  reaming  of  rivet  holes  has  been  rigidly  enforced 
thi'oughout  the  Northwestern  and  Union  Elevated  Bailroad  work,  and 
the  results  as  indicated  iu  the  completed  structure  have  removed 
from  the  writer's  mind  any  doubt  which  may  have  existed  with  re- 
spect to  the  advisability  of  specifying  and  enforcing  sub-punching 
and  reaming  for  elevated  railroad  work.  Reaming  is  the  only  method 
which  will  insure  an  exact  coincidence  of  the  rivet  holes  in  the  com- 
ponent pieces  of  the  vai'ious  members  of  the  structure. 

The  author's  statement  in  regard  to  the  bearing  power  of  Chicago 
soil  seems  to  the  writer  to  be  misleading,  and  tending  to  leave  the 

*  Chief  Engineer,  Northwestern  Elevated  Railroad. 
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Mr.  Weston,  impression  that  the  foundations  for  the  Northwestern  and  Union 
Elevated  Railroads  were  designed  and  constructed  for  a  unit  load 
upon  the  soil  of  1  ton  per  square  foot.  The  writer  has  had  much  ex- 
perience in  excavating  and  building  foundations  iipon  the  soil  under- 
lying Chicago,  and  he  has  seldom  encountered,  except  near  the  banks 
of  the  river,  a  soil  which  would  not  safely  support  a  load  of  3  000  to 
4  000  lbs.  per  square  foot.  At  least  two-thirds  of  the  Northwestern 
Elevated  Railroad  line  is  located  through  a  sandy  district  where  the 
soil  would  safely  support  loads  of  8  tons  to  10  tons  per  square  foot. 
Through  this  sandy  district  the  foundations  were  proportioned  for 
unit  pressures  of  3  500  to  5  000  lbs.  per  square  foot,  the  actual  cost  of 
foundations  being  greatly  reduced  below  the  estimated  cost. 

Every  feature  of  the  detailing  of  the  Northwestern  and  Union 
Elevated  Railroad  structures  has  been  very  carefully  considered,  and 
the  result  in  respect  to  rigidity  of  structure  and  economic  distribution 
of  metal  is  very  satisfactory.  If  the  writer  were  called  upon  to  par- 
ticipate in  the  design  and  construction  of  another  elevated  railroad, 
he  would  not  deviate  from  the  principles  which  have  been  followed  in 
the  design  of  the  Northwestern  and  Union  roads  in  Chicago.  One 
detail  of  these  designs  he  would  change,  viz.,  the  position  of  the  top 
chord  of  the  longitudinal  girders,  with  respect  to  the  top  chord  of  the 
cross-girders.  As  shown  on  the  drawings,  the  top  chord  of  the  cross- 
girders  projects  from  1^  to  3  ins.  above  the  top  chord  of  the  longi- 
tudinal girders.  This  detail  seriously  interferes  with  the  uniform 
spacing  of  the  track  ties,  and  will  increase  to  some  extent  the  diffi- 
culties of  renewing  the  track.  Track  girders  shoiild  project  at  least 
1  in.  above  cross-girders,  which  insures  absolutely  uniform  spacing 
of  the  track  ties.  When  one  reflects  on  this  subject  it  is  seen  that  the 
entire  structure  of  an  elevated  railroad,  from  the  foundation  to  the 
top  chord  of  the  track  stringers,  is  expressly  built  for  the  j)uri5ose  of 
obtaining  a  perfect  track,  and  the  importance  of  preparing  an  ab- 
solutely unbroken  surface  for  that  track  is  apparent. 
Mr.  Liudenthal  G-  LiNDENTHAL,  M.  Am.  Soc.  C.  E. — Three  points  occur  to  the 
writer  in  reading  the  paper.  They  are  in  connection  with  the  stair- 
ways, station  platforms  and  the  aesthetic  considerations. 

The  subject  of  proper  stairways  does  not  fail  to  impress  itself 
forcibly  on  every  j^assenger.  To  the  writer's  knowledge  there  is  not 
in  this  country  a  single  elevated  railroad,  including  the  one  that  the 
author  designed,  of  which  the  stairways  are  proportioned  with  thought 
of  real  comfort  in  ascending  or  descending  them.  The  daily  blockades 
in  the  stations  during  the  rush  hours  testify  to  it.  The  cause  for 
them  is  plain.  The  average  person,  leisurely  walking  on  the  level, 
covers  about  30  ins.  with  each  step.  To  prevent  a  blockade,  that 
horizontal  velocity  should  be  maintained  on  the  stairway  during  the 
descent  or  ascent  of  about  20  ins.,  equal  to  about  three  stairway  steps. 
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The  leg  motion  for  that  piirpose  would  have  to  be  three  times  as  fast  Mr.  Lindenthal 
on  the  stairway  as  on  the  level,  involving  some  athletic  skill  of  which 
the  average  passenger  is  not  possessed.  Hence  the  blockade.  The 
proper  remedy  for  it  is  to  make  the  stairway  three  times  as  wide 
as  the  passage  at  the  top  leading  to  it,  so  that  the  crowd  on  descending 
can  sjjread  out  sideways.  The  broadest  stairway  should  always  be 
provided  for.  It  should  not  be  more  steeply  inclined  than  in  the  pro- 
portion of  two  horizontal  to  one  vertical.  A  very  convenient  jiropor- 
tion  is  67  ins.  rise  to  13  ins.  tread.  On  all  the  elevated  railroads  the 
stairways  are  much  too  steep,  and  in  wet  and  frosty  weather  positively 
dangerous. 

One  of  the  worst  examples  of  badly  proportioned  stairways  was  in 
the  first  elevated  Broad  Street  Station  of  the  Pennsylvania  Railroad 
in  Philadelphia.  The  first  week  after  completion,  so  many  persons 
fell  down  stairs,  threatening  the  railroad  company  with  suits  for 
damages,  that  it  was  found  necessary  to  build  over  the  narrow  marble 
stejDS  wooden  stairways  with  less  slope  and  a  more  convenient  propor- 
tion of  rise  to  tread.  The  stairways  in  the  jjresent  Broad  Street 
Station  are  very  comfortable  and  properly  proportioned,  and  good 
examples  of  what  stairways  should  be  for  large  crowds. 

The  separation  in  the  station  of  the  incoming  and  outgoing  pas- 
sengers is  not  dwelt  upon  by  the  author  with  sufficient  emphasis, 
although  his  stations  show  an  attempt  to  meet  that  requisite.  In 
nearly  all  railroad  stations  and  in  all  elevated  railroad  stations  in 
the  East,  the  incoming  and  outgoing  passengers  are  in  constant 
collision.     It  shows  a  discreditable  want  of  forethought  and  study. 

Making  the  trains  and  tracks  noiseless,  or  nearly  so,  should  be 
one  of  the  principal  concerns  of  the  engineer,  whether  the  law  re- 
quires it  or  not.  That  it  must  necessarily  add  to  expense,  as  the 
author  intimates,  is  a  view  which  the  writer  does  not  share. 

In  mentioning  aesthetics  in  connection  with  engineering  structures, 
the  author  touches  a  subject  little  appreciated  by  many  engineers.  It 
may  be  that  because  the  conception  of  beauty  never  was  and  never 
will  be  one  cajsable  of  precise  definition,  that  the  engineering  mind, 
accustomed  to  dealing  with  concrete  matter  in  precise  and  scientific 
ways,  has  become  incapable  of  judging  good  architectural  appearance 
in  connection  with  structures.  Some  engineers'  ideas  of  beauty  are 
running  to  curves  and  those  of  others  to  straight  lines;  some  claim 
any  structure  to  be  beautiful  which  is  properly  proportioned  in 
strength  and  otherwise  well  adapted  to  its  utilitarian  purpose,  and 
others  desire  their  constructions  to  be  called  beautiful,  conceived  as 
tools  doing  their  work,  and  to  be  classed  presumably  in  the  same 
architectural  category  with  crowbars  and  wedges.  The  confusion  of 
ideas  of  beauty  is  clearly  apparent  in  what  the  author  says  on  this 
point:    "the  extra  cost  of  decorating  an  elevated  structure  is  con- 
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Mr.  Lindenthal  siderable,"  and  as  i^roof  thereof  plans  of  an  elevated  railroad  of  that 
supposed  higher  architectural  order  are  shown,  in  which  riveted  rail- 
ing brackets  are  hidden  under  ornamental  cast-iron  consols,  resting  on 
air,  in  which  supremely  superfluous  arches  are  abutting  against 
slender  posts,  set  off  with  Moresque  caps  and  pedestals,  in  which  the 
panels  are  fitted  up  with  (in  such  place)  meaningless  scroll  work,  and 
in  which  lions'  heads  are  impaled  on  the  ends  of  water  spouts.  No 
wonder  that  projectors  of  good  taste  and  sense  should  refuse  to  grant 
a  dollar  for  this  kind  of  aesthetics. 

It  is  unfortunately  a  frequent  fact  that  prominent  engineering 
structures,  after  having  their  proportions  and  lines  fixed  with  the 
usual  inanity  and  indifference  to  harmonious  and  pleasing  ensemble, 
are  handed  over  to  some  decorator,  who  is  to  make  it  artistically  ac- 
ceptable, according  to  the  amount  of  money  that  the  owners  may  be 
persuaded  to  spend  on  so-called  aesthetics.  There  are  some  such  ex- 
amples in  New  York,  and  there  are  to  be  more  in  one  or  two  projected 
large  bridges. 

The  author  should  be  credited  for  also  saying:  "  The  careful  de- 
signer can  generally  manage  to  make  his  construction  more  or  less 
sightly,  without  adding  materially  to  expense."  To  which  should  be 
added,  that  it  is  the  essence  of  the  highest  engineering  skill  to  give  a 
construction  a  pleasing  appearance  and  agreeable  character,  without 
the  addition  of  unnecessary  parts  and  with  the  simplest  means. 

Without  skill  and  thoughtful  study  a  perfect  work  in  that  respect 
cannot  be  designed.  The  road  to  perfection  is  here,  also,  from  the 
comi^licated  and  unsightly  to  the  simple  and  aesthetically  correct. 
Intimate  knowledge  of  manufacturing  methods  is  as  essential  for 
exercising  that  skill  as  freedom  from  construction  and  manufacturing 
bias.  For  the  want  of  the  latter  condition,  an  architecturally  meri- 
torious design  for  an  engineering  structure  may  not  readily  be  ex- 
pected to  issue  from  a  manufacturing  or  contracting  establishment. 

The  author  invites  criticism  as  to  whether  he  succeeded  in  giving 
the  structure  for  the  Northwestern  Railroad  in  Chicago  a  pleasing  ap- 
pearance. The  writer  will  point  out  merely  for  illustration  one  feature. 
For  every  five  or  six  spans  there  is  a  braced  bent  with  shallower 
girders  and  with  stout  diagonals  to  afford  longitudinal  rigidity.  With 
the  technical  reasons  for  this  arrangement  the  writer  fully  agrees,  but 
the  break  in  the  continuity  of  the  beam  or  girder  line  at  the  bent  is 
decidedly  unsightly  and  unnecessary.  The  observer,  excejjt  he  be  a 
bridge  specialist,  is  not  acquainted  with,  and  does  not  care  for,  the 
finesse  of  bending  moments  and  shearing  strains,  which  prompts  the 
utilitarian  engineer  to  use  a  shallower  girder  and  to  break  the  con- 
tinuity of  line.  It  is  too  unimportant  a  reason  to  the  beholder,  who 
experiences  the  disagreeable  sensation  that  something  is  the  matter 
with  the  superstructure  at  that  bent.      He  can  readily  understand  the 
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purpose  and  admit  the  propriety  of  the  bracing  every  four  or  five  Mr.  Lindenthal 
spans,  but  to  his  mind  uniform  strength  of  the  roadway  in  this  struct- 
ure requires  uniform  beam  height.  The  unity  of  appearance  is  vio- 
lently interrupted  to  save  a  few  dollars'  worth  of  iron,  which  if  not 
saved  makes  the  structure  so  much  stronger  and  evidently  better 
looking.  No  amount  of  cast-iron  ornamental  brackets  and  scroll 
work,  put  on  by  a  decorating  architect,  could  make  up  for  such  fault 
of  the  engineer,  if  a  high  jesthetical  structure,  of  the  kind  before 
mentioned,  were  to  be  made  of  it. 

Another  unsightly  feature,  not  difficult  to  avoid,  is  the  track  with 
the  ties  sticking  out  into  the  air,  and  giving  the  structure  a  ragged 
and  uncouth  appearance. 

The  natural  black  gray  color  of  iron  gives  the  impression  of  a 
strong  and  serious  material,  the  ajipearance  of  which  cannot  be  im- 
proved by  colored  paints.  Preserved  by  oiling  and  varnishing,  the 
natural  color  of  iron  is  an  essential  part  of  its  pesthetical  appearance. 
Dust  and  rust  are  easiest  discovered  on  it,  and  therefore  most  easily 
guarded  against  by  timely  rej^airs  or  reoiling.  In  rare  cases,  a 
colored  paint  may  be  more  suitable,  as  for  instance  in  wire  cables 
covered  with  white  paint.  They  absorb  less  heat  from  the  sun  and 
appear  of  larger  diameter  than  with  a  dark  color.  Some  parts  of  the 
New  York  Central  Eailroad  viaduct  on  Park  Avenue  in  New  York  are 
good  examples  of  simple  unadorned  iron  architecture,  although  in 
other  respects  it  is  not  commendable,  as  it  is  atrociously  noisy. 

In  connection  with  aesthetics  in  engineering  structures  it  is  oppor- 
tunely interesting  to  note  what  the  venerable  German  savant.  Prof. 
Beuleaux,  said  in  his  well-known  blunt  manner  in  a  recent  paper*  on 
modern  bridge  construction. 

"I  do  not  regard  in  j^roper  taste  extra  ornamentation  or  attached 
decorative  features,  or  style  subsequently  furnished  by  an  architect. 
By  architectural  designing,  I  mean  the  choice  of  the  principal  forms, 
the  disposition  of  the  masses,  the  arrangement  of  the  lineaments  of 
the  structure. 

"We  are  asked  to  call  {das  za-eckmnessige)  the  suitable  or  fitting 
for  its  purpose  beaiitiful  ;  if  this  be  so,  we  would  have  to  regard  a 
human  skeleton  as  beautiful,  because  it  is  adapted  for  its  jjurpose  in 
a  wonderfully  high  degree.  But  it  does  not  give  us  the  sense  of 
beauty;  on  the  contrary,  it  only  tills  us  with  aversion. 

"  the  objection  to  this  criticism  might  be  made  that  the  skeleton 
has  no  life,  and  that  it  lacks  the  roixnded  oiitlines  of  living  flesh.  But 
if  in  this  respect  the  suitable  to  its  purpose  were  always  beautiful, 
then  we  would  have  to  admit  that  a  Hottentot  Venus  is  beautiful  ; 
she  is  healthy,  and  she  is  not  lacking  in  flesh,  which  we  miss  on  the 
skeleton,  and  her  build  is  eminently  suitable,  in  that  the  dusky 
mother  carries  on  her  posteriors,  projecting  30  cms.,  her  youngest 
off"spring,  nourishing  it  at  the  same  time.  I  doubt  very  much  whether 
even  the  defender  of  the  utilitarian  will  claim  beauty  for  her  on  that 

account.  

*  See  Glaser's  Annalen,  February  1st,  1897. 
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Mr.  Lindenthal  "  We  old  scholars  belonging  to  the  past  call  that  beautiful  in  a 
being  or  in  a  structure  which  shows  a  certain  harmonious  combination 
of  intellectuality  with  matter.  In  that  way  we  have  inherited  through 
ages  a  conception  of  beauty  which  is  not  easily  defined  by  words,  but 
which  anyone  may  appreciate,  althoiigh  he  may  not  be  able  to  ci-eateit." 
Mr.  Pegram.  George  H.  Pegkam,  M.  Am.  Soc.  C.  E. — The  writer  agrees  with  the 
author  that  medium  steel  with  reamed  holes  should  be  used  in  prefer- 
ence to  soft  steel  without  reaming.  Indeed,  it  would  be  better  to  re- 
quire reaming  all  punched  holes  in  steel  which  is  to  be  placed  in 
structures  where  it  will  be  highly  strained  or  liable  to  receive  blows. 
If  the  object  is  to  get  fair  rivet  holes  rather  than  to  remove  the  injured 
material  around  the  hole,  the  rigid  reamers  recommended  by  the 
author  are,  of  course,  preferable,  but  the  flexible  reamers  will  remove 
the  injui'ed  material  more  unifoi'mly  about  the  axis  of  the  hole,  and, 
the  writer  believes,  will  give  generally  good  results. 

An  elevated  railroad  structure  should  be  of  the  best  character  of 
bridgework.  Elevated  roads  are  always  built  where  the  ground  is 
valuable,  and  proper  economy  would  seem  to  demand  a  two-column 
bent  in  preference  to  one  of  four  columns,  in  order  to  leave  the  ground 
available  for  other  uses  as  far  as  jjossible.  This  would  also  ajjply  to 
braced  towers.  They  no  doubt  give  stiffness  to  the  structure  in  a 
much  cheaper  way  than  any  other,  and  where  the  ground  can  be 
spared  for  this  purpose  it  is  well  to  use  them;  however,  exjierience 
shows  that  they  are  not  necessary. 

The  writer  has  always  believed  that  cross-ties  are  out  of  place  on 
an  elevated  structure.  On  the  ground,  where  they  are  necessary  to 
distribute  the  weight  over  the  surface,  they  have  proved  the  best  con- 
struction, but  they  are  not  needed  for  this  purpose  on  an  elevated 
road,  and  their  effect  there  is  to  darken  the  street  below,  to  intensify 
the  noise,  increase  the  labor  of  cleaning  the  structure,  and  lead  to  un- 
pleasant drippings  after  a  fall  of  snow  or  rain. 

The  writer  submits  in  Fig.  37  a  drawing  of  the  superstructure  of 
the  Kansas  City  elevated  road  designed  by  him  and  built  in  1886,  in 
which  the  rails  are  carried  in  iron  troughs  which  also  acted  as  the  top 
chords  of  the  trusses.  These  channel  chords  serve  also  as  guard  rails, 
and  in  case  of  breakage  of  a  wheel  or  similar  accident,  are  in  effect 
parallel  skids  on  which  the  trucks,  which  should  be  provided  with 
bolsters  located  but  little  above  the  tops  of  the  channels,  might  slide. 
In  order  to  take  up  as  little  of  the  street  as  jjossible,  the  spans  were 
made  about  50  ft. ;  the  total  weight  of  steel  per  lineal  foot  is  478  lbs. 
Pin  connections  were  used  in  this  structure,  as  it  is  the  writer's  belief 
that  a  structure  with  much  less  ugliness  and  obstruction  of  light  can 
be  built  with  pin  connections.  It  can  be  also  strengthened  with  less 
injury  to  the  remaining  jjarts,  and  experience  has  shown  that,  where 
properly  designed,  it  is  quite  as  durable.  The  writer  submitted  a 
plan  similar  to  this  for  the  Hoboken  elevated  road  in  1883. 
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Mr.  Gates.  C.  L.  Gates,  M.  Am.  Soc.  C.  E. — Regarding  medium  versus  soft 
steel,  the  writer's  exijerience  would  lead  him  to  j^refer  soft  steel 
punched  over  medium  steel  reamed  if  the  difference  in  unit  stress  is 
assumed  at  10  per  cent.  "While  it  may  be  right  to  select  medium  steel 
for  structures  under  light  traffic,  such  as  that  imposed  by  street  rail- 
roads, as  recommended  by  the  author,  the  writer  does  not  favor  any 
extensive  use  of  this  grade  of  metal  for  ordinary  railroad  traffic  except 
for  truss  members  of  long  spans  which  take  their  maximum  stress 
gradixally,  and  certainly  never  for  short  girders  subjected  to  the  heavy 
pounding  and  vibration  of  heavy  freight  trains.  The  more  liberal  dis- 
tribution of  metal  at  a  low  unit  stress  seems  to  be  more  desirable,  and 
the  softer  steel  more  preferable  than  the  more  brittle  and  higher  grade 
of  steel;  and,  if  there  be  any  need  of  reaming  at  all,  by  all  means  let  all 
work  be  reamed,  especially  when  the  thickness  of  metal  exceeds  |  in. 

As  a  matter  of  economy,  there  may  be  a  leaning  toward  medium 
steel  at  a  high  unit  stress  for  structures  located  at  a  great  distance 
from  the  jjoints  of  manufacturing  and  center  of  distribution;  but  for 
the  Central  States,  soft  steel  at  a  low  unit  stress  will  no  doubt  be  used 
in  the  future. 

Greater  care  is  taken  by  shoji  men  in  matching  rivet  holes  of  com- 
ponent pieces  of  long  members,  when  they  know  the  work  is  not  to  be 
reamed,  than  Avhen  the  requirements  of  specifications  call  for  reamed 
work.  In  the  former  case,  if  punching  is  done  by  piece  work  the 
reaming  over  of  misfits  has  to  be  done  by  and  at  the  expense  of  shop 
men,  and  thus  they  find  it  to  their  interest  to  do  good  work.  With 
the  multijjle  punch  and  spacing  table  very  accurate  work  is  done  in 
the  shop  the  writer  is  connected  with,  so  reaming  can  generally  be 
dispensed  with,  notwithstanding  the  assertion  of  the  author  to  the 
contrary. 

In  this  connection,  the  writer  would  assert  the  prediction  that  for 
the  bridge  structure  of  the  future,  if  not  of  to-day,  good  specifications 
will  require  that  every  piece  of  soft  or  medium  structural  steel,  and 
certainly  all  subject  to  tension  in  the  finished  member,  shall  be  thor- 
oughly and  uniformly  annealed  after  the  process  of  straightening  and 
punching  has  been  completed  and  before  riveting  is  done,  for  obvious 
reasons. 

As  regards  the  use  of  basic  open-hearth  versus  acid  open-hearth 
steel,  it  would  be  profitable  for  the  profession  to  hear  from  the  steel- 
maker direct  on  this  subject.  While  some  inspectors  are  inclined  toward 
a  preference  for  acid  open-hearth  steel,  owing  to  the  aijparent  higher 
elastic  limit,  yet  it  must  be  admitted  that  in  accei^ting  acid  steel  a 
minimum  of  0.08^^  of  phosphorus  miist  be  conceded,  while  for  basic 
steel  it  is  safe  to  specify  as  low  as  O.055'o  for  phosphorus,  and  one  can 
generally  rely  on  obtaining  as  little  as  0.02j?o  or  0.03  per  cent.  Phos- 
phorus being  known  as  the  great  enemy  of  good  steel,  especially  in 


CORRESPONDENCE    ON    ELEVATED    RAILROADS.  441 

cold  climates  or  wliere  it  is  subject  to  sudden  changes  to  very  low  Mr.  Gates, 
temperature,  this  fact  alone,  in  the  writer's  opinion,  should  lead  to  the 
more  general  jireference  of  basic  open-hearth  steel,  more  particularly 
when  the  market  price  of  the  product  is  taken  into  consideration. 

Referring  again  to  design,  the  author  has  certainly  shown  a  happy 
solution  in  solving  in  an  economical  manner  the  problem  of  bringing 
wind  stress  or  train  vibration  to  the  trestle  posts,  thus  relieving  the 
generally  much-abused  end  beam  from  excessive  longitudinal  bending 
strain.  The  writer  does  not  agree,  however,  with  the  author's  prefer- 
ence for  the  four-post  bent  for  a  four-track  railway.  All  bents  of  an 
elevated  railway  must  necessarily  be  an  obstruction  to  the  established 
street  traffic  at  the  lower  or  ground  grade,  and  a  four-post  bent  cer- 
tainly offers  more  serious  objections  on  that  account  than  a  two-post 
bent;  this  is  slightly  intensified  when  first  cost  is  in  favor  of  the  two- 
jjost  bent.  Another  objection  to  the  use  of  a  four-post  bent  is  that 
the  foundations  of  the  four  pedestals  are  liable  to  different  settlements 
under  load,  thus  causing  ambiguous  stress  in  the  main  beam,  for  which 
this  member  is  not  generally  proportioned. 

A.  T.  ToMLiNSON,  M.  Am.  Soc.  C.  E. — The  author  has  evidently  Mr.  Tomlinson. 
given  much  thought  and  study  to  the  several  designs  for  elevated  rail- 
way structure  discussed  in  his  paper.  The  design  adopted  was  chosen 
entirely  on  account  of  its  superior  rigidity,  adaptability  to  the  differ- 
ent conditions  to  be  met  and  aesthetic  effect,  and  without  regard  to  the 
difficulties  which  would  arise  in  laying,  and  later  on,  in  maintaining, 
the  track. 

In  the  designs  chosen  for  both  four-track  and  two-track  structure, 
the  transverse  girders  project  above  the  longitudinal  stringers  from  f 
in.  in  the  double-track  to  3  ins.  in  the  four-track.  This  is  not  a  mate- 
rial objection  on  straight  track,  but  it  will  be  readily  seen  that  on 
curves  where  it  is  generally  impossible  to  set  all  the  transverse  girders 
radially,  and  where  frequently  some  of  the  transverse  girders  make 
very  acute  angles  with  the  center  line  of  the  track,  the  conditions  are 
bad.  The  ties  miist  be  laid  parallel  to  the  transverse  girder,  or  if  laid 
radially,  they  will  have  to  be  fitted  over  the  transverse  girder,  mate- 
rially damaging  the  tie  and  rendering  replacement  very  difficult. 

The  author's  original  specifications  called  for  6  x  8-in.  ties  laid  flat 
and  spaced  14  ins.  center  to  centei*.  This  was  changed  on  the  first 
track  laid  on  Lake  Street  from  Market  Street  to  Wabash  Avenue,  to 
15  ins.  center  to  center,  in  order  to  bring  the  ties  out  even  at  rail 
joints.  This  track  was  laid  without  tie-plates.  After  the  adoption  of 
the  Servis  tie-plate,  the  spacing  was  increased  to  18  ins.  on  straight 
track,  retaining  the  15-in.  spacing  on  curves  and  cross-overs. 

The  objection  to  wide  spacing  of  ties,  and  the  author's  reason  for 
specifying  14-in.  spacing,  is  that  in  case  of  a  derailment  there  is  a 
strong  tendency  for  the  ties  to  bunch.     This,  in  the  writer's  opinion. 
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Mr.  Toinlinson.  is  not  a  valid  objection,  as  the  ties  are  firmly  bolted  to  tlie  longitudin.al 
stringers,  and  each  tie  is  securely  bolted  to  two  of  the  four  guard  rails, 
to  the  inside  and  outside  guards  alternately.  Many  elevated  railroad 
accidents  have  come  under  the  writer's  observation,  but  in  none  of 
them  has  he  known  the  ties  to  bunch. 

By  spacing  18  ins.  instead  of  14  ins.,  a  saving  of  22i'V  is  made  in 
ties,  tie-plates,  spikes,  bolts,  washers,  etc.,  which  is  no  inconsiderable 
item,  being  at  least  $1  000  per  mile  of  single  track  for  ties  alone,  and 
probably  $1  000  more  per  mile  for  fittings  and  labor  of  laying  track, 
to  say  nothing  of  the  eventual  cost  of  replacement. 

The  lumber  used  in  the  track  is  long-leaf  southern  yellow  pine, 
vulcanized.  The  writer  thinks  a  mistake  was  made  in  si^ecifying  that 
absolutely  no  sap  would  be  allowed.  In  the  first  place,  if  1  in.  of  sap 
wood  had  been  allowed  on  two  corners  of  the  ties,  guard-rails  and 
heavier  joists,  the  cost  would  have  been  reduced,  but  more  important 
than  this,  is  the  fact  that  in  almost  every  piece  of  dimension  lumber, 
'  the  heart  of  the  tree  and  center  of  stick  are  generally  coincident  ;  con- 
sequently, whichever  side  is  laid  downward,  the  iipper  side  checks 
badly.  Had  a  small  amount  of  sap  been  allowed,  the  heart  side  could 
always  have  been  laid  downward,  and  splitting  on  account  of  weather 
have  been  reduced  to  a  minimum. 

The  author  originally  specified  an  80-lb.  rail  in  which  the  metal 
was  distributed  as  follows  :  Head,  47%" ;  web,  20^0^  ;  flange,  33  per 
cent.  The  rail  finally  adopted  was  one  which  was  already  standard 
on  the  Lake  Street  Elevated  Kailroad,  and  known  as  No.  8001  in  the 
Hlinois  Steel  Company's  book  of  rail  sections.  This  section  varies 
but  slightly  from  the  standard  80-lb.  rail,  designed  by  a  committee  of 
the  Society,  and  having  the  metal  distributed  as  follows  :  head,  42^'o  ; 
web,  21^^  ;  flange,  37  per  cent. 

In  the  track  now  being  laid  on  the  Union  Elevated  Railroad,  and 
to  be  laid  on  the  Northwestern  Elevated  Railroad,  60-ft.  rail  will  be 
used,  connected  by  Weber  rail  joints,  using  four  j-in.  Harvey  grip 
bolts,  the  joints  suspended  and  breaking  even,  except  on  curves, 
where  the  joint  of  one  rail  is  placed  as  nearly  as  possible  opposite  the 
center  of  the  other  rail. 
Mr.  Rowe.  Samuel  M.  Rowe,  M.  Am.  Soc.  C.  E. — The  Northwestern  Elevated 
Railroad  Company  dii-ected  experiments  to  be  made  to  test  various 
paints  as  to  their  relative  ability  to  protect  metalwork  against  atmos- 
pheric action,  and  particularly  against  the  gases  j^roduced  by  the  com- 
bustion of  coal,  with  which  the  atmosphere  of  the  city  is  more  or  less 
pervaded.  Each  paint  was  tested  by  applying  it  to  four  steel  plates, 
three  coats  on  each  plate.  Some  of  these  were  exposed  to  smoke  and 
steam  from  locomotives,  and  others  to  the  smoke  of  bituminous  coal 
in  a  box  prejjared  for  that  purj^ose.  Neither  of  these  methods  were 
carried  on  long  enough  to  furnish  decisive  results,  but  the  condition 
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of  plates  exposed  to  tlie  atmosphere  was  observed  at  intervals  duriug  Mr.  Rowe. 
a  period  of  two  years. 

The  dark  mineral  paints  were  found  to  retain  their  color  best,  the 
effect  of  the  weather  on  the  oils  being  less  than  where  lead  and  zinc 
were  used  as  pigments.  The  use  of  graphite  with  white  lead  and  zinc 
apparently  gives  the  most  permanent  light  shade. 

In  determining  the  adhesion  of  paint  to  metal,  a  toothed  chisel  was 
found  advantageous.  The  blade  is  f  in.  wide,  one-half  toothed  with  -3-0- 
in.  notches,  -^-^  in.  apart,  and  the  other  half  with  -(r.(-in.  notches,  -J.j  in. 
apart.  If  the  paint  is  loose  or  easily  parted  from  the  metal,  this  will 
be  at  once  manifested  if  it  is  attempted  to  shave  a  strip  of  the  paint 
from  the  metal;  the  surface  of  the  latter  will  be  free  from  paint  and 
show  any  rust  spots  which  may  have  formed  in  consequence  of  the 
damaged  condition  of  the  covering.  If  the  paint  is  very  brittle,  the 
whole  surface  will  be  stripped  clean,  whereas  if  it  is  tough,  elastic, 
and  clinging  closely  to  the  metal,  each  notch  in  the  tool  will  leave  a 
fine,  continuous  line  of  paint. 

The  durability  of  paint  and  the  thoroiighness  of  the  jn-otection  it 
affords  to  the  metal  depend  largely  on  the  resistance  of  the  surface 
and  body  of  the  paint  to  the  action  of  the  weather.  If  the  surface 
changes  or  loses  its  density,  the  body  of  the  paint  will  soon  do  the 
same,  and  the  whole  become  porous,  absorbing  moisture  and  opening 
a  way  for  rust.  The  best  degree  of  elasticity  and  toughness  in  the 
paint  seems  to  be  that  which  will  prevent  breaking  or  checking  by 
alternations  of  the  temperature  to  which  it  is  exposed  and  from  the 
usage  to  which  it  is  subject.  A  tough,  elastic  paint  will  roll  before 
the  tool  and  form  a  wad  which  will  feel  like  soft  leather  when  rolled 
Tjetween  the  thumb  and  finger.  A  hard,  brittle  paint  Avill  crumble 
into  dust. 

Some  of  the  paints  tested  were  soft  and  sticky  when  exposed  to  a 
summer  temperature  after  the  lapse  of  two  years,  a  condition  undesir- 
able in  any  paint  except  one  exposed  to  a  combination  of  locomotive 
steam  and  smoke,  one  of  the  most  destructive  agents  to  be  withstood. 
Some  of  the  Chicago  viaducts  suffer  severely  from  this  action,  the  metal 
of  the  lower  chord  and  floor  systems  being  eaten  away  so  rapidly  as  to 
require  the  renewal  of  these  jaarts  long  before  the  less  exposed  portions 
of  the  structure  are  affected  materially.  In  such  cases  anything  that  will 
withstand  the  action  of  the  gases  on  the  metal  is  invaluable.  Neither 
time  nor  means  were  available  to  analyze  these  paints  to  determine 
the  cause  of  the  different  results,  but  it  has  been  suggested  that  the 
use  of  animal  fats  with  the  oils  may  produce  the  softness  mentioned, 
while  insoluble  or  very  refractory  gums  of  some  kind  may  help  to  pro- 
duce toughness  and  firmness,  when  combined  with  linseed  oil. 

The  asphaltum  paints  harden  like  glass  forming  a  surface  which 
seems  to  resist  the  action  of  the  coal  gases  perfectly,  but  they  are  liable 
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Mr.  Rowe.  to  check  and  do  not  cling  to  tlie  metal,  being  easily  broken  and 
separated  from  it.  Tlie  Eureka  jjaint  used  by  the  author  on  the 
Wabash  Extension  structure  covers  and  clings  well  to  the  metal, 
holding  its  color  fairly,  but  when  shaved  with  the  testing  chisel,  it  is 
hard  and  brittle,  and  seems  to  some  extent  porous  and  likely  to  ab- 
sorb moisture. 

The  author's  suggestion  to  give  one  coat  of  linseed  oil  to  all  work 
before  it  leaves  the  shop  is  a  good  one,  and  a  complete  immersion  of 
each  piece  after  it  was  thoroughly  cleaned  would  be  still  better.  By 
this  means  parts  would  be  reached  which  will  be  inaccessible  for  paint- 
ing afterwards.* 

The  question  of  the  bearing  qualities  of  the  soils  in  Chicago,  with 
reference  to  foundations  for  an  elevated  railroad,  is  one  that  requires 
investigation  somewhat  in  detail,  as  there  is  a  great  variation  in  its 
character  in  the  different  parts  of  the  city.  That  district  traversed  by 
the  Union  Loop,  Wabash  Extension,  South  Side  Rapid  Transit  and 
part  of  the  Northwestern  elevated  lines,  consists  of  sand,  gravel,  or 
both  in  varying  quantities,  while  part  of  the  Northwestern  elevated 
and  almost  the  entire  extent  of  the  Lake  Street  elevated  lines  cross  a 
section  where  the  underlying  formation  on  which  the  piers  rest  is  a 
plastic  clay. 

The  country  on  which  Chicago  is  built  is  almost  as  level  as  the 
lake  itself,  and  only  6  to  15  ft.  higher.  At  the  level  of  the  pier  foun- 
dation, it  is  almost  invariably  saturated  with  water.  The  i^resence  of 
water  pipes  and  the  slight  settlement  of  elevated  structure  founda- 
tions on  them  have  been  found  to  contribute  still  further  to  the 
difficulties  encountered.  Where  sand  and  gravel  are  found,  the  pres- 
ence of  the  water  does  not  materially  affect  their  bearing  qualities; 
but  in  the  clay,  failure  in  many  cases  is  comjjlete,  the  i^ier  being  sus- 
tained by  the  adjacent  striictiire  and  swinging  like  a  pendulum,  dis- 
torting and  tearing  the  plates  and  riveting  of  the  structure. 

In  consequence  of  the  early  failure  of  many  of  the  pier  foundations 
on  the  Lake  Street  elevated  line  some  tests  were  made.  The  general 
practice  seems  to  have  been  to  make  the  base  of  the  pier  about  7  ft. 
square,  equal  to  49  sq.  ft.,  giving  a  pressure  of  about  20  lbs.  per 
inch.  The  testing  appliance  consists  of  a  square  wooden  block  or 
foot  piece  laid  upon  the  soil  to  be  pressed,  its  upper  surface  being 
armed  with  a  cast-iron  plate  with  a  socket  to  receive  the  pivot  of  a 
post  on  which  the  loading  is  placed;  and  a  post  provided  with  cross- 
arms  and  a  jjlatform  to  receive  the  loading,  and  a  pin  and  guys  at  the 
top  to  hold  it  in  a  vertical  position.  The  loading  consists  of  pig  iron, 
the  pieces  of  which  weigh  as  nearly  as  may  be  80  lbs.  each,  to  facil- 
itate the  estimate  of  the  amount  of  loading.     The  compression  from 

*  Mr.  Rowe  has  tabulated  the  results  of  his  tests  of  paints  of  various  brands  in  a 
statement  which  is  on  file  in  the  Library  of  the  Society. 
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the  loading  is  taken  with  an  engineer's  level,  the  rod  being  jilaced  on  Mr.  Rowe. 
the  cross-arms,  and  readings  noted  at  each  addition  to  the  loading. 

There  were  but  three  tests  made,  and  these  were  secured  only  by 
persistency  on  the  part  of  the  consulting  engineer. 

In  the  first  test  the  clay  was  tested  at  a  depth  of  about  7  ft.  below 
street  grade  or  5^  ft.  below  the  original  surface.  The  clay  was  in  its 
original  condition,  and  was  a  plastic  yellow  mass  mottled  with  a  blue 
or  slate  color,  and  wet  to  full  saturation.  The  wooden  foot  plate  was 
18  ins.  square. 

The  following  is  a  synopsis  of  the  results: 


Load  per 

Compression 

Total 

Load. 

square  inch. 

each  loading. 

compression. 

1  500  lbs. 

4.6  lbs. 

0.000  ft. 

0.000  ft. 

3  500   " 

10.8    " 

0.009  " 

0.009  " 

5  500   " 

17.0    " 

0.008  " 

0.017  " 

7  500   " 

23.1    " 

0.018  '• 

0.035  ". 

9  500   " 

29.3    " 

0.018  " 

0.053  " 

11  500    " 

35.5    " 

0.052  " 

0.105  " 

12  000  failed  by  sliding  cornerwise. 

The  second  test,  also  in  clay,  under  similar  circumstances,  except 
that  a  foot  piece  2  ft.  square  was  used,  gave  the  following  results: 


Load 

per 

Compression 

Total 

Loading. 

square 

inch. 

each  loading. 

compression. 

1  500  lbs. 

2.6  lbs. 

O.OOOft. 

O.OOOft. 

3  500 

6.1 

0.027  " 

0.027  " 

5  500 

9.5 

0.001  " 

0.028  " 

8  200 

14.2 

0.005  " 

0.033  " 

9  500 

16.5 

0.004  " 

0.037  " 

11500 

20.0 

0.002  " 

0.039  " 

13  500 

23.4 

0.004  " 

0.043  " 

15  500 

26.9 

0.007  " 

0.050  " 

17  500 

30.2 

0.011  " 

0.061  " 

19  500 

33.7 

0.013  " 

0.074  " 

21500 

37.2 

0.019  " 

0.093  " 

23  500 

40.8 

0.029  " 

0.122  " 

25  500 

44.2  to    complete  failure, 

the    block    tipping 

slightly  cornerwise  as  before. 

The  third  test  on  the  Wabash  Extension  was  made  in  the  bottom  of 
a  pier  foundation  pit  at  about  1  ft.  below  the  original  ground  surface, 
the  soil  being  an  extremely  fine,  clean  sand,  the  depth  of  which  was 
not  ascertained,  but  assumed  to  be  several  feet,  the  sand  being  so  ex- 
ceedingly fine  as  to  be  taken  for  clay  at  first  sight. 


446  CORRESPONDEN'CE    ON    ELEVATED    UAILKOADS. 

Mr.  Rowe.        The  foot  block  used  was  the  same  as  in  the  secoml  test. 


Loading. 

Load 
square 

per 
inch. 

Compression 
each  loading. 

Total 
compression. 

1  500  lbs. 

2.6  lbs. 

0.000  ft. 

0.000  ft. 

7  500 

13.0 

0.003 

0.003  " 

9  500 

16.5 

0.003 

0.006  " 

11500 

20.0 

0.003 

0.009  " 

13  500 

23.4 

0.003 

0.012  " 

15  500 

29.9 

0.003 

0.015  " 

17  500 

30.2 

0.003 

0.018  " 

19  500 

33.7 

0.003 

0.021  " 

21500 

37.2 

0.003 

0.024  " 

23  500 

40.8 

0.003 

0.027  " 

25  500 

44.2 

0.004 

0.031  " 

27  500 

47.8 

0.005 

0.036  '' 

29  500 

51.2 

0.005 

0.041  " 

It  will  be  seen  that  in  the  first  two  cases  the  compression  was  accel- 
erated at  about  20  lbs.  to  the  squai-e  inch,  and  in  the  third  case  at  about 
40  lbs.  In  the  case  of  the  first  two  tests  20  lbs.  is  the  jjressure  at  which 
the  clay  begins  to  flow,  and  may  be  safely  called  its  ultimate  bearing 
strength  under  a  static  loading.  In  the  third  test,  however,  the  flow- 
ing could  hardly  have  commenced  at  the  j)oint  of  acceleration,  but  it 
must  have  been  due  to  a  softer,  less  stable  stratum  a  few  feet  below. 
Hesitancy  to  incur  any  further  expense  in  this  investigation  jjrevented 
any  examination  of  this  subject. 

Loading  at  20  lbs.  per  square  inch  is  probably  entirely  safe  in  sand 
like  that  of  the  third  test,  and  in  sand  and  gravel,  but  on  clay,  with 
a  base  of  the  same  area,  there  have  been  cases  of  complete  failure,  just 
as  the  tests  indicate  as  probable,  the  column  with  the  pier  attached 
swinging,  and  being  supported  only  by  the  adjacent  columns,  as  before 
stated.  The  static  load  carried  by  each  column  is  about  150  000  lbs., 
including  the  weight  of  the  cars  in  the  train,  not  taking  into  consid- 
eration the  disturbing  elements  caused  by  the  impact  of  rapidly  run- 
ning trains  and  of  the  tremor  produced  by  the  action  of  the  brakes, 
the  effect  of  which,  is  diflScult  to  estimate,  but  evidently  of  very  much 
importance.  The  last  two  causes  are  the  main  sources  of  failure,  as 
the  vibrations  from  the  structure  are  transmitted  by  means  of  the 
column  to  the  pier  and  whatever  movement  reaches  the  clay  upon 
which  the  pier  rests  very  quickly  affects  its  bearing  qualities,  for  in 
its  saturated  state  it  becomes  a  semi-fluid  very  quickly.  That  this  is 
due  largely  to  impact  seems  apparent  when  it  is  stated  that  failure 
first  manifests  itself  between  stations  where  the  speed  is  greatest.  The 
writer  thinks  this  kind  of  foundation  should  not  be  trusted  beyond  10 
lbs.  per  square  inch  under  the  existing  conditions,  and  even  then  the 
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pier  should  be  massive  enough  to  take  uj)  the  tremor  largely  by  its  Mr.  Rowe. 
inertia.     If  the  pier  is  too  light  for  this,  the  interposition  of  2  or  3  ft. 
of  broken  stone  between  the  base  of  the  pier  and  the  clay  might  be 
effective  and  economical. 

J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E. — Medium  Steel  versus  Sofl  Mr.  WaddelL 
Steel. — A  comparison  of  opinion  on  this  subject  expressed  in  the  discus- 
sion shows  quite  a  diversity  of  ideas,  with  the  preponderance  in  favor 
of  medium  steel.  Those  who  advocate  the  use  of  soft  steel  do  so  be- 
cause of  one  or  both  of  two  claims,  viz.,  first,  when  soft  steel  is 
adopted,  reaming  may  be  dispensed  with;  and,  second,  soft  steel  is 
safer  than  medium  steel  on  account  of  its  greater  uniformity  and  less 
liability  to  crack.  These  claims  do  not  hold,  for  the  reaming  of  every 
quality  of  steel  or  wrought  iron  is  necessary,  not  only  to  remove  the  in- 
jured material,  but  also  to  ensure  proper  matching  of  rivet  holes,  and 
the  greater  uniformity  of  soft  steel  as  compared  with  first-class  medium 
steel  is  problematical.  It  seems  from  the  discussions  that  there  should 
be  a  slight  diflerence  in  the  ultimate  strength  of  acid  and  basic  steel, 
as  suggested  in  the  paper.  Mr.  Treadwell  strikes  the  keynote  to  this 
question  when  he  points  oiit  that  the  limits  of  soft  and  medium  steel 
overlap  to  such  an  extent  that  manufacturers  often  make  the  same 
quality  of  metal  answer  for  both  classes,  and  when  he  suggests  a  com- 
promise in  the  classification  to  suit  the  various  manufacturers  of 
structural  steel.  For  such  a  compromise  the  author  would  suggest 
the  following:  Soft  steel,  50  000  to  58  000  lbs.;  medium  steel,  58  000 
to  66  000  lbs. ;  high  steel,  66  000  to  74  000  lbs. 

With  this  classification  soft  steel  should  be  used  for  rivets  and  ad- 
justable members  only,  medium  steel  for  all  other  portions  of  all 
viaducts,  elevated  railroads,  bridges  of  ordinary  span  lengths,  and  the 
floor  systems  and  lateral  systems  of  long- span  bridges,  and  high  steel 
for  the  main  truss  members  and  pins  of  long-span  bridges. 

It  is  evident  that  basic  open-hearth  steel  has  come  to  stay,  and  that 
it  will  be  used  ordinarily  in  preference  to  acid  open -hearth  steel  on 
account  of  its  slightly  lower  cost.  It  appears  also  that  the  best  results 
are  not  attained  with  the  basic  product  by  demanding  an  average  ulti- 
mate strength  as  high  as  64  000  lbs. ;  consequently,  the  proper  thing  to 
do  is  to  lower  the  ultimate  requirement  to  suit  the  manufacturers  of 
basic  steel.  From  the  author's  experience  during  the  last  three  years, 
he  would  consider  that  a  range  in  ultimate  strength  from  58  000  to 
66  000  lbs.  would  suit  very  well  for  basic  open-hearth  steel  as  at  pres- 
ent manufactured.  The  soft  steel,  of  course,  would  also  be  manufac- 
tured by  the  basic  open-hearth  process,  but  the  high  steel  should 
preferably  be  made  by  the  acid  open-hearth  process. 

Sub-Punchiiig  and  Reaming. — A  comparison  of  the  opinions  on  this 
subject  expressed  in  the  discussion  shows  considerable  diversity,  with 
the  preponderance  in  favor  thereof.     Some  claim  that  accurate  work 
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Mr.  WacUlell.  and  properly  matched  rivet  holes  are  attainable  withoiit  sub-pixnching. 
Such  has,  unfortunately,  not  been  the  author's  experience  hitherto, 
for  he  has  had  a  great  deal  of  trouble  from  badly  matching  holes  in 
the  field  whenever  the  sub-punching  was  not  called  for. 

Anticipating  claims  in  the  discussion  that  rivet  holes  will  match 
properly  without  sub-punching,  the  author  a  short  time  ago  requested 
his  chief  inspector  to  procure  for  him  from  a  certain  prominent  bridge 
shop,  where  some  of  his  work  was  then  being  manufactured,  a  couple 
of  dozen  specimens  of  punchings  showing  by  the  template  center 
marks  variations  from  correct  location.  Plate  XI  is  engraved  from  a 
natural  scale  jihotograph  of  fifteen  of  these  pimchings,  the  jiroper 
centers  being  indicated  by  the  white  spots,  which  were  marked  on  the 
punchings  by  rubbing  chalk  into  the  template  center  holes. 

The  showing  made  by  these  specimens  is  most  discouraging  to 
those  who  hope  to  obtain  good  shop  work,  either  by  simj^le  jjunching 
or  by  sub-punching  and  reaming.  It  took  the  inspector  only  about  a 
minute  apiece  to  find  these  eccentric  specimens,  which  shows  that 
badly  matched  holes  at  this  shop  are  by  no  means  uncommon,  and 
confirms  the  author's  opinion  formed  by  previous  experience  with 
work  from  the  same  shop.  The  cause  of  such  great  eccentricity  is 
certainly  the  objectionable  piece-work  system  mentioned  in  Mr. 
Stowell's  discussion.  In  the  author's  opinion,  piece-work  in  bridge 
shops  should  be  discouraged  in  specifications  for  structural  steel- 
work. Fortunately,  though,  such  a  bad  showing  as  that  given  on 
Plate  XI  would  not  be  made  by  more  than  one  or  two  of  the  large 
bridge  manufactories,  although  Mr.  Horton  says  in  his  discussion 
that  i-in.  eccentricities  in  punched  work  are  of  common  occurrence. 
The  author's  experience  with  two  of  the  manufacturing  companies  on 
the  Union  Loop  and  Northwestern  Elevated  lines  leads  him  to  the 
conclusion  that  punching  can  be  done  with  a  general  limiting 
variation  of  -nr  in.  To  illustrate  the  effects  of  variations  of  -r,; 
and  i  in.  for  both  sub-punching  and  full-size  punching,  the  author 
has  prepared  the  drawings  shown  in  Fig.  38.  They  give  the  worst 
possible  combinations  of  eccentric  holes  for  two,  three  and  four 
pieces  of  metal  connected  by  -l-in.  rivets.  It  is  evident  from  these 
diagrams  that  if  the  limit  of  -re-in-  variation  be  adhered  to,  and  if  the 
work  be  sub-punched  and  reamed,  there  will  be  no  irregular  holes  to 
fill  by  the  rivets.  If  the  holes  be  punched  full  size,  the  resultant 
holes  will  often  be  quite  irregular  and  probably  often  not  completely 
filled.  If  the  limit  of  ^  in.  be  permitted,  the  reaming  will  make 
the  holes  nearly  true  circles,  and  small  enough  to  be  completely 
filled  by  the  rivets,  but  when  the  holes  are  punched  full  size,  the  ir- 
regularity will  often  be  so  great  that  the  rivets  cannot  fill  the  holes. 

In  the  author's  opinion,  insjjectors  ought  to  hold  down  the  shops 
to  a  general  limit  of  variation  in  punching  of  ra   in.,  passing  occa- 
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Mr.  Waddell.  sionallv  a  few  variations  between  ^e  and  i  in.,  and  rejecting  any  piece 
where  there  is  a  variation  exceeding^  in. 

Some  one  may  remark  that,  if  such  variations  as  those  just  men- 
tioned be  permitted,  the  metal  injured  by  the  jirocess  of  punching 
will  not  all  be  removed  by  the  reaming;  but  it  must  be  remembered 
that  it  is  only  an  occasional  hole  in  good  shop  work  that  will  vary  as 
much  as  ^  in.  from  correct  location,  that  not  more  than  one-fourth  of 
the  holes  will  vary  over  -rg  in.,  and  that  most  of  the  combinations  of 
eccentricities  shown  in  Fig.  38  will  be,  to  say  the  least,  unusual. 

The  author's  experience  on  the  Chicago  elevated  railroads  has  con- 
firmed him,  as  the  same  experience  has  convinced  Mr.  Weston,  the 
chief  engineer,  in  the  opinion  that,  except  solid  drilling,  which  as  yet 
is  too  expensive,  "  reaming  is  the  only  method  which  will  ensure  an 
exact  coincidence  of  the  rivet  holes  in  the  component  pieces  of  the 
various  members  of  the  structure  ";  and  there  has  been  nothing  said 
in  the  discussion  which  even  tends  to  shake  the  author's  conviction 
on  this  subject. 

Cement  cmd  Concrete. — Answering  Mr.  Hall's  question  concerning 
fineness,  the  author  would  state  that  there  was  no  intention  of  exclud- 
ing foreign  Portland  cements  by  specifying  that  90^  should  pass  the 
No.  100  sieve.  In  fact,  there  was  a  considerable  amount  of  a  foreign 
cement  used  at  one  time  on  the  work;  this  was  an  extremely  fine- 
ground  cement  and  a  very  superior  article,  if  not  too  old  or  damaged 
when  iised. 

It  has  been  the  author's  practice  up  to  the  present  time  to  specify 
both  superior  and  inferior  limits  for  the  tensile  strength  of  cements 
owing  to  a  notion,  which  formerly  prevailed,  that  a  cement  which  de- 
velops its  strength  slowly  is  much  more  likely  to  retain  it  than  one 
which  develops  it  very  quickly.  The  author  must  confess  that  he 
is  still  prejudiced  this  way,  but  acknowledges  readily  that  he  may 
be  wrong  in  the  case  of  Portland  cements.  In  case  of  the  natural 
cements,  though,  he  feels  confident  that  this  notion  is  aboiit  right. 

For  field  practice,  the  author  does  not  specify  the  temj)eratures  of 
the  air  and  water,  as  these  cannot  always  be  regulated  conveniently, 
but  for  laboratory  tests  he  would  do  so. 

Answering  Mr.  Stiiart's  remark  about  the  wide  latitude  allowed  for 
tensile  strength,  the  author  would  reply  that  his  specifications  are  so 
drawn  as  not  to  exclude  any  really  good  cement  because  of  a  tendency 
to  slow  setting,  and,  again,  the  results  of  briquette  tests  depend 
greatly  uj)on  the  personal  equation  of  the  man  who  made  the  bri- 
quettes. 

Answering  Mr.  Belknap's  remark,  that  a  one-three-six  mixture  of 
concrete  will  have  all  the  voids  in  the  stone  filled,  the  author  would 
reply  that  such  would  in  all  probability  be  the  case,  were  the  concrete 
always   thoroughly   mixed,    hwt  his   experience  proves  that   such   a 
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mixture  often  shows  numerous  voids.     On  this  account,  as  stated  in  Mr.  Waddell. 
the  paper,  he  prefers  to  use  for  bridge  piers  a  one-three-five  mixture 
for  concrete  deposited  in  the  air,  and  a  one-two-four  mixture  for  con- 
crete deijosited  under  water. 

The  author  certainly  never  intended  to  recommend  an  "  eminently 
slow-setting  cement "  for  concrete  to  be  deposited  under  water.  Mr. 
Belknap  does  not  recognize  the  fact  that  none  of  the  cement  for  the 
Chicago  elevated  railroads  was  to  be  used  in  that  way. 

Ft  (inf. — It  is  to  be  regretted  that  the  paper  has  brought  out  so  little 
discussion  concerning  the  painting  of  metalwork.  However,  Mr. 
Rowe's  investigations  are  valuable  as  far  as  they  go,  but  they  are  un- 
finished. 

It  is  often  amusing  to  hear  the  conflicting  opinions  of  even  well-in- 
formed engineers  concerning  the  j)aint  question.  Some  say  that  the 
oil  is  everything  and  that  any  kind  of  a  pigment  will  do,  while  others 
say  that  the  pigment  is  the  sole  protective  agent  and  the  oil  only  a 
solvent.  Some  condemn  in  toto  the  use  of  thinners,  while  others  say 
that  they  improve  the  paint  and  add  to  its  life.  Some  say  that  red 
lead  is  the  only  jaroper  paint  to  use,  while  others  claim  that  it  is  in- 
ferior to  iron  oxide  paints.  Some  think  that  the  last-named  pigments 
make  the  best  possible  paints,  while  others  say  that  they  are  merely 
iron  rust,  and  that  their  use  is  simply  an  invitation  for  rust  to  de- 
velop. Some  say  that  patent  mixtures  and  secret  process  paints  are  all 
humbug,  while  others  jiin  their  faith  to  some  especial  mixture  or  mixt- 
ures, or  to  some  real  or  fancied  manipulation  of  known  or  unknown 
ingredients.  In  short,  the  engineering  profession  is  all  at  sea  on  the 
paint  question,  and  is  likely  to  remain  there  until  some  organized  in- 
vestigation is  made.  In  the  author's  opinion,  the  subject  is  one  of 
sufficient  importance  to  warrant  the  appointment  of  a  special  commit- 
tee of  the  Society  to  experiment  and  investigate  on  the  subject  for  a 
term  of  several  years  until  valid  conclusions  can  be  reached. 

The  author's  idea  of  coating  the  metal  with  oil  before  it  leaves  the 
shelter  of  the  roof  of  the  rolling  mill  is  to  prevent  rust  from  forming 
while  the  metal  is  in  transit  to  the  shops  or  stored  outside  of  the  latter 
waiting  to  be  manufactured.  This  method  would  certainly  give  the 
mill  people  some  extra  troiible,  but  that  could  be  jaaid  for.  It  is 
claimed,  and  perhaps  justly,  that  the  greasy  surface  of  the  oiled 
metal  gives  trouble  in  laying  off  the  work  in  the  shops,  and  that  on 
this  account  a  coat  of  carbon  primer  at  the  mills  is  preferable. 

The  author's  preference  for  Eureka  paint  was  due  primarily  to  the 
high  recommendation  given  it  by  A.  P.  Boiler,  M  Am.  Soc.  C.  E., 
and  afterwards  to  the  results  of  Mr.  Howe's  preliminary  experiments. 
Mr.  Rowe  found,  however,  several  other  paints  that  stood  his  tests  as 
well  as  did  the  Eureka. 

One  objection  to  a  coat  of  oil  alone  at  the  shojjs  after  manufacture 
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Mr.  Waddell.  is  that  when  the  metal  is  shipped,  there  is  often  no  certainty  as  to 
how  soon  it  will  receive  its  first  coat  of  jiaint.  The  author  has  often 
noticed  metalwork  badly  rusted  because  it  was  only  oiled  at  the  shops 
and  because  its  erection  was  delayed.  The  shipping  of  metalwork 
covered  with  undried  paint,  as  mentioned  by  Mr.  Boiler,  is  a  very  re- 
prehensible practice,  and  should  be  prohibited  in  standard  specifica- 
tions for  structural  metalwork. 

The  great  uncertainty  on  the  paint  question  is  due  to  a  number  of 
causes,  the  principal  of  which  are  the  following  : 

Permitting  rust  to  form  on  the  metal  before  the  first  coat  of  paint 
is  ajiplied. 

Applying  the  first  coat  improperly,  covering  metal  from  which 
mud,  ice,  grease,  etc.,  have  not  been  removed. 

Adopting  cheap  paints  from  false  notions  of  economy. 
Dishonest  practices  on  the  part  of  the  manufacturer  or  mixer  of  the 
paint. 

Carelessness  in  mixing  j^aint,  and  neglecting  to  keep  heavy  paints 
jiroperly  stirred. 

Slovenliness  in  apjjlying  the  paint  to  the  metal. 
Using  paint  that  has  stood  in  jjots  over  night  and  has  deteriorated 
thereby. 

Neglecting   too   long   to   repaint,    and    thus   allowing    rusting  to 
set  in. 

The  requisites  for  an  ideal  metal  paint  are  the  following  : 
Thinness,  so  that  it  can  be  applied  readily,  and  so  that  it  will  cover 
a  comparatively  large  surface  per  gallon. 

Lightness  of  the  solid  particles,  so  that  there  will  be  no  settlement 
in  the  bottom  of  the  paint  pot. 

Great  and  close  adhesiveness  to  the  metal. 
Quickness  in  drying. 

Absence  of  blisters  in  both  fresh  and  old  painted  surfaces. 
Ability  to  receive  well  and  retain  closely  one  or  more  additional 
coats  of  paints  of  the  same  kind  or  of  other  kinds. 
Durability. 

Cheapness  in  first  cost. 

The  man  who  will  invent  a  jjaint  that  will  fill  all  eight  of  these 
requ.irements,  and  who  can  demonstrate  to  engineers  that  he  has  done 
so,  can  certainly  make  a  fortune  out  of  his  invention. 

Four-Column  versus  Two-Column  Structures. — Several  engineers  ap- 
pear to  disagree  with  the  author  in  his  preference  for  the  four-column 
structure.  He  was  influenced  in  his  decision  principally  by  the  fol- 
lowing reasons  : 

The  cantilevering  of  an  entire  track  beyond  a  column  is  rather 
awkward  construction  and  causes  reversing  stresses  in  the  cross- 
girder. 
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The  thrust  from  braked  trains  can  be  more  readily  taken  care  of  Mr.  Waddeiu 
with  four  columns  than  it  can  with  two. 

The  four-column  structure  will  prove  more  rigid  than  the  two- 
column  structure. 

Mr.  Pratt's  objection  to  the  four-column  structure  on  accotxnt  of 
the  possibility  of  the  settlement  of  foundations  is  not  a  valid  one, 
for  properly  designed  and  built  foundations  will  never  settle.  If  a 
single  settlement  of  a  pedestal  on  either  of  the  author's  Chicago  lines 
of  elevated  railroad  ever  occurs,  it  will  be  a  matter  of  great  surprise 
to  him,  although  he  is  not  responsible  for  the  sizes  of  the  concrete 
pedestals,  as  Mr.  Weston  varied  them  to  suit  the  different  conditions 
as  they  developed.  However,  Mr.  Weston  has  always  tried  to  err  upon 
the  side  of  safety  on  this  question  of  foundations,  owing  to  the  expen- 
sive experience  he  has  had  in  repairing  the  faulty  work  on  the  old 
portion  of  the  Lake  Street  Elevated,  which  was  built  before  he  was 
chief  engineer. 

Mr.  Pratt's  unfortunate  experience  with  pedestal  foundations  may 
be  due  to  a  softer  stratum  of  material  underlying  the  gravel,  or  per- 
haps to  the  fact  that  it  is  within  the  realms  of  possibility  to  double 
the  pressure  on  one  side  of  a  i^edestal  foundation  by  the  thrust  of  a 
braked  train. 

As  the  author  has  designed  the  metalwork  on  the  Northwestern 
Elevated,  a  settlement  of  one  jaedestal  in  a  bent  would  be  less  injurious 
to  it  in  the  case  of  the  four-column  structure  than  it  would  be  in  the 
case  of  the  two-column  structure. 

Mr.  Gates'  objection  to  the  four-column  structure,  because  of  ob- 
struction to  traffic,  will  not  hold,  as  this  class  of  construction  is  used 
only  on  the  company's  private  property,  where  no  traffic  exists. 

Bniced  Towers  versus  SolUari/  Columns. — The  author's  braced  tower 
design  appears  to  have  met  with  general  approval  from  those  discuss- 
ing the  paper,  although  Mr.  Smith  dissents  therefrom,  stating  that  the 
thrust  from  braked  trains  "is  not  conveyed,  to  any  extent,  to  the 
columns,"  and  that  "no  bending  can  be  produced  upon  the  columns, 
for  it  is  counteracted  by  the  deck." 

These  statements  are  certainly  incorrect,  for  no  one  will  deny 
that  there  is  a  great  thrust  exerted  by  stojiping  in  the  shortest  pos- 
sible distance,  with  the  air  brakes,  a  train  moving  at  a  velocity  of 
40  miles  jjer  hour,  and  that  this  thrust  must  eventually  reach  the 
ground.  If  there  be  longitudinal  sway  bracing  like  that  adopted  for 
the  Northwestern  Elevated,  the  thrust  will  travel  by  that;  but,  if  not, 
it  must  go  by  way  of  the  columns  and  produce  bending  thereon. 

It  is  true  that  the  continuity  of  the  deck  tends  to  distribiite  this 
thrust  over  a  number  of  columns,  but  the  extent  to  which  this  dis- 
tribution takes  i^lace  is  a  matter  of  surmise.  Some  engineers  appear 
to  forget  that  when  a  light  column  carrying  a  vertical  load  is  deflected 
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Mr.  Waddeli.  from  tlie  vertical  by  a  tlirust,  it  is  subjected  to  two  bending  moments, 
viz.,  that  due  to  the  thrust  itself  and  that  due  to  the  vertical  load, 
the  lever  arm  for  which  is  the  total  deflection.  The  column  has  there- 
fore to  withstand  the  combination  of  these  two  moments  and  the  ver- 
tical load.  Mr.  Smith  says  that  the  thrust  upon  one  track  is  distributed 
over  the  other  three.  He  forgets  that  two  trains  on  contiguous  tracks 
will  often  approach  a  station  at  the  same  instant,  running  in  the  same 
direction,  with  the  brakes  set.  If  at  the  same  time  there  be  a  train  or 
two  trains  starting  on  the  other  tracks,  all  three  or  four  thrusts  will 
be  in  the  same  direction.  Mr.  Smith  talks  of  setting  the  structiire  in 
motion  before  any  bending  of  columns  can  occur.  He  would  reduce 
the  question  to  one  of  dynamics,  while  it  is.  upon  the  face  of  it,  simply 
one  of  statics.     He  says: 

"  Were  it  possible  to  design  a  column  section  in  any  case  which 
would  carry  the  load  due  to  compression,  without  longitudinal 
strength,  then  some  metal  might,  in  this  case,  be  necessary  to  with- 
stand any  light  stress  caiised  by  thrust.  This  being  impossible,  how- 
ever, the  conclusion  is  drawn  that  any  metal  used  in  any  part  of  a 
structure  to  withstand  horizontal  thrust  in  a  longitudinal  direction  is 
superfluous  and  needless  expense." 

This  is  a  bold  statement  by  Mr.  Smith,  and  probably  he  is  the  first 
to  express  it  so  jjlainly,  although  some  siich  erroneous  notion  miist 
have  existed  in  the  minds  of  the  designers  of  most  of  the  older 
elevated  railroads. 

Mr.  Campbell's  experience  on  the  Sioux  City  Elevated,  where  the 
effects  of  both  longitudinal  and  transverse  thrusts  on  the  columns  were 
entirely  ignored,  is  pretty  conclusive  as  to  the  necessity  of  giving  due 
consideration  to  horizontal  loads.  As  Mr.  Campbell  states,  the  vibra- 
tion of  the  structure  "was  i:»lainly  noticeable  at  a  point  2  000  ft.  away 
from  the  moving  train. "  The  author  has  been  told  that  during  erec- 
tion long  portions  of  this  structure  moved  as  much  as  2  ins.  longitudi- 
nally and  had  to  be  moved  back  by  jack-screws.  In  this  work  the 
columns  were  proportioned  for  the  effects  of  live  and  dead  loads  only, 
as  Mr.  Smith  would  advise. 

To  illustrate  the  necessity  for  taking  care  of  longitudinal  thrust  and 
traction  of  trains,  the  author  herewith  reproduces  extracts  from  a  letter 
concerning  the  pajjer  from  H.  G.  Kelley,  M.  Am.  Soc.  C.  E. : 

"  Many  of  the  points  involved  are  of  special  importance,  and  if  ac- 
cepted as  correct  will  require  a  radical  departure  on  certain  lines  from 
the  jn-esent  methods  of  design: 

"  The  point  to  which  my  attention  has  been  especially  directed  by 
reading  your  paj^er  is  the  resultant  of  the  traction  force  exerted  by 
engines,  and  the  effect  of  such  resultant  upon  structures,  due  to  the 
passage  of  engines  and  trains.  The  mathematical  principles  involved 
will  no  doubt  be  brought  forth  in  the  published  discussions,  and  while 
your  assumption  that  '20%  of  the  greatest  live  load  between  two  ad- 
jacent expansion  points  will  act  as  a  horizontal  thrust  may  not  be 
entirely  agreed  to,  nevertheless  experience  has  shown  that  a  consider- 
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able  allowance  should  be  made  and  provided  for;  therefore  any  facts  Mr.  Waddell. 
obtained  by  actual  experience  in  construction  and  maintenance  will 
assist  materially  in  arriving  at  a  tme  conclusion,  and  in  this  consid- 
eration wooden  trestle-work,  which  constitutes  a  large  portion  of  the 
bridging  of  this  country,  should  not  be  excluded,  for  it  i^resents  valu- 
able information  concerning  structures  in  which  theoretical  considera- 
tions are  usually  excluded,  and  details  to  take  up  or  reduce  longitud- 
inal vibrations  are  seldom  constructed. 

"  I  will  therefore  present  one  case  coming  under  my  own  observa- 
tion, and  in  fact  ixnder  my  charge,  which  is  an  especially  valuable  one, 
showing,  as  it  does,  that  a  longitudinal  vibration  is  transmitted  through 
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Fig.  39. 


elevated  structures  for  surprising  distances.  The  structure  is  a  wooden 
trestle,  upon  the  line  of  the  St.  Louis  Southwestern  Railway.  This 
trestle  was  constructed  of  pile  bents,  with  panels  of  13  ft!  8  ins. ; 
each  bent  contained  four  piles,  except  in  the  deepest  portions,  where 
five  piles  were  used  to  the  bent;  the  piling  was  of  oak  and  red  cyjjress, 
with  specifications  calling  for  not  less  than  10  ins.  of  heart  at  the  point; 
the  deck  was  composed  as  follows: 

"  Caps 12  X  12  Ins.,  12  ft.  long. 

"  Stringers. ...     6  x  14     "     14  "  long,  .3  jjIv  on  each  side. 

"Ties    6x8     "       9  "  long,  with  12  ties  to  the  panel. 

"Guardrails.,     fix    8     "      16  "  long,  notched   down  1  in.   over 

the  ties,  and  bolted  to 
every  fourth  tie. 
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Mr.  Waddel!.  "  Every  cap  was  drift-bolted  to  each  pile  under  it,  and  each  chord 
of  stringers  was  drift-bolted  to  the  caps. 

"  Upon  examination  of  the  drawing  (Fig.  39),  which  I  enclose,  you 
will  note  that  the  trestle  varies  from  lU  to  30  ft.  in  height,  and  has  a 
total  unbroken  length  of  9  338  ft.,  with  three  curves  in  its  length. 

"Upon  assuming  charge  of  the  bridge  department  of  the  above- 
mentioned  road  several  years  ago,  it  became  necessary  to  make  a  per- 
sonal examination  of  the  various  structures,  and  I  have  selected  the 
case  of  trestle  492  as  one  out  of  several  trestles  of  unusual  length 
where  the  same  results  were  noticed.  My  first  insijection  of  this  trestle 
showed  a  visible  longitudinal  variation  of  such  extent,  under  the  pas- 
sage of  trains,  that  a  careful  investigation  was  made  to  determine  the 
extent  and  force  of  the  thrust. 

"  To  make  the  following  facts  jierfectly  clear,  reference  should  be 
made  to  the  accompanying  drawing  (Fig.  39).  From  this  you  will 
notice  that  at  its  north  end  the  trestle  connects  with  a  bridge  across 
the  White  River.  This  bridge  at  the  time  of  the  observation  consisted 
of  an  iron  draw  span  of  355  ft.,  and  two  combination  Pratt  trusses  of 
■  125  ft.  each,  one  span  being  at  each  end  of  the  draw-  span;  both  of 
these  combination  spans  were  upon  falsework.  The  observations  dis- 
closed that,  when  any  north-bound  train,  even  at  a  speed  of  but  12 
miles  an  hour,  rolled  upon  the  trestle  at  its  extreme  south  end,  a 
longitudinal  vibration  was  transmitted  in  a  few  seconds  to  the  north 
end  of  the  trestle,  and  by  the  time  the  train  would  reach  the  tangent, 
at  station  902,  the  vibration  at  the  span  reached  a  maximum  of  Ij  ins., 
this  impulse  being  conducted  to  the  span  itself  and  vibrating  it  in 
unison  with  the  trestle,  the  measurements  being  taken  at  the  point 
where  the  rails  of  the  fixed  span  rested  upon  the  end  floor  beam  rail 
rests  of  the  draw  span.  The  construction  of  the  trestle  precluded  the 
oi^inion  that  the  vibration  was  confined  to  the  deck  alone,  for  the  drift 
bolting  to  the  caps  made  it  certain  that  a  portion  of  the  thrust  was 
communicated  through  the  piling  to  the  ground,  causing  the  piling  to 
act  as  beams  as  well  as  posts. 

"  I  at  once  had  constructed  a  system  of  struts  to  take  up  or  reduce 
the  thrust,  the  general  jilan  of  which  is  shown  on  the  drawing  (Fig.  39). 
It  consisted  of  tAvo  yellow  jiine  beams,  10  x  12  ins.  in  cross-section, 
running  from  the  cajo  on  one  bent  to  a  brace  timber  at  the  foot  of  the 
piling  on  the  second  bent  each  way  from  the  first  one;  and  in  addition 
to  this,  iron  tension  rods,  Ij  ins.  in  diameter,  were  placed  beside  each 
strut  and  brought  into  tension  with  turnbuckles. 

"  This  system  of  strutting  was  constructed  at  two  points  in  the 
trestle,  and  practically  takes  u-p  all  vibration,  but  under  the  influence 
of  a  heavy  freight  train  I  have  see  these  strut  timbers  buckle  from  J  to 
^  in.  out  of  line  in  the  direction  of  their  least  dimension. 

"  The  necessity  for  this  strutting  has  become  so  apparent  that  I 
l^rovide  for  it  on  other  important  trestles  of  extreme  length  by  using  a 
modification  of  the  original  plan." 

Had  Mr.  Kelley  tried  the  experiment  of  bringing  the  train  to  rest 
suddenly  on  the  trestle  with  the  air  brakes,  he  might  have  found  a 
vibration  even  greater  than  the  1^  ins.  observed,  although  this  is  large 
enough.  Mr.  Kclley's  remark  about  the  buckling  of  his  longitudinal 
timber  struts  from  the  longitudinal  thrusts  of  heavy  trains  ought  to  be 
sufficient  to  convince  even  the  most  skeptical  that  such  thrusts  do 
exist  and  that  they  are  carried  down  to  the  ground  by  the  columns. 
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Mr.  Parsons'  transit  observations  on  one  of  the  New  York  elevated  Mr.  Waddeli. 
railroads  gives  additional  evidence  of  the  effects  of  tliriist  from  braked 
trains. 

How  any  one  can  deny  that  large  vibrations  are  injurious  to  metal- 
work,  it  is  difficult  to  conceive;  for,  as  before  stated,  they  put  a  double 
bending  moment  on  the  columns,  and  tend  to  work  loose  the  rivets 
that  connect  the  deck  thereto. 

Mr.  Nichols  and  two  or  three  other  engineers  question  the  author's 
assumi^tion  of  20%  as  the  coefficient  of  friction  for  the  thrust  of  a 
braked  train.  Trautwine  places  it  as  high  as  25  "o?  while  Messrs. 
Cooper,  Schneider  and  other  writers  of  standard  si^ecifications  make  it 
20  per  cent.  As  for  the  distribution  of  the  thrust,  the  rails  and 
guards  on  tangents  certainly  tend  to  distribute  it  over  some  distance, 
especially  when  the  track  is  new;  but,  on  sharp  curves  and  with  old 
track,  it  would  not  be  proper  to  jalace  much  reliance  upon  such  dis- 
tribution. Moreover,  why  divide  up  the  thrust,  when  assuming  it  con- 
centrated j)roduces  such  beneficial  results  to  the  whole  structure  by 
increasing  its  rigidity  ?  "When  the  columns  are  fixed  at  both  top  and 
bottom,  as  is  the  case  on  all  of  the  author's  Chicago  Avork,  the  lever 
arm  of  the  thrust  is  only  one-half  of  the  unsupported  length  of  the 
column,  consequently  the  bending  moment  and  the  section  of  column 
derived  therefrom  are  by  no  means  excessive.  This  is  shown  by  the 
comparatively  small  weights  of  metal  of  the  author's  designs,  as  given 
on  page  349,  viz.,  391  lbs.  jjer  lineal  foot  per  track  for  a  four-track 
structure  on  private  property,  385  lbs.  per  foot  per  track  for  a  double- 
track  structure  on  same,  485  lbs.  per  foot  per  track  for  a  double-track 
structure  spanning  a  double-track  cable  railway  in  streets,  and  571  lbs. 
per  foot  per  track  for  a  double-track  structure  in  streets  spanning 
from  curb  to  curb  ■with  41  ft.  between  centers  of  columns.  It  is  true 
that  these  figures  are  for  the  comparatively  light  live  load  assumed 
for  the  Northwestern  Elevated,  but  the  assiimi^tion  of  a  heavier  live 
load  would  affect  little  else  than  the  sections  of  flanges  of  longitudinal 
girders,  and  in  street  lines  those  of  cross-girders  also. 

From  the  tables  in  Mr.  Nichols'  j^aper*  entitled  "  The  Brooklyn 
Elevated  Railway,"  the  author  has  compiled  the  following  weights  of 
metal  jjer  lineal  foot  of  double-track  structure,  omitting  the  weights 
of  station  metal  and  not  considering  the  "  Old  Brooklyn  Line. "  For 
columns  on  curbs  the  weights  run  from  1  095  lbs.  for  a  32-ft  spacing 
up  to  1  469  lbs.  for  a  45^-ft.  spacing,  and  for  columns  in  the  street 
1  195  lbs.  The  corresponding  weights  for  the  Chicago  Union  Loop  are 
1  375  lbs.  for  a  spacing  of  41  ft.,  and  1  150  lbs.  for  cohimns  in  the  street. 
If  an  interpolation  for  a  41-ft.  spacing  is  made  in  Mr.  Nichols'  weights, 
1  344  lbs.  will  be  found  ;  and,  averaging  this  with  the  weight  of  struct- 
ure for  columns  in  street,  1  270  lbs.  is  obtained,  as  against  1  263  lbs., 

*  Proceedings,  Institution  of  Civil  Engineers,  Vol.  cxxvii,  p.  333. 
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Mr.  Waddell.  the  corresponding  average  for  the  Union  Loop,  showing  that  the 
author's  Chicago  structure  is  a  little  lighter  than  the  average  for  cor- 
responding lines  in  Brooklyn,  in  spite  of  the  fact  that  the  author's  live 
load  is  on  an  average  for  all  parts  of  the  structure  Vl\%  greater 
than  that  used  in  designing  the  Brooklyn  lines,  as  indicated  in  Mr. 
Nichol's  paper.  With  such  a  showing  as  this,  the  author  cannot  be 
justly  accused  of  extravagance  in  his  designs  because  he  pi'oportioned 
his  columns  for  the  effects  of  thrust  from  braked  trains  and  endeav- 
ored throughout  his  entire  designs  to  conform  in  every  particular 
with  the  principles  of  design  entimerated  in  his  jjaper. 

If  anyone  doubts  the  advantages  of  putting  a  little  extra  metal  into 
the  columns  and  fixing  them  at  both  top  and  bottom,  let  him  stand 
for  a  while  on  one  of  the  platforms  of  the  Union  Elevated  Loop  of 
Chicago  and  note  the  vibration,  then  try  the  same  exi^eriment  on  a 
number  of  the  elevatedjrailroads  of  New  York  and  Brooklyn,  and  com- 
pare the  results.  He  would  probably  be  considerably  surjirised  ;  for 
he  would  find  hardly  a  tremor  on  the  Chicago  road,  while  on  some  of 
the  Eastern  roads  the  vibration  would  be  so  great  as  to  prevent  him 
from  writing  legibly  in  a  note-book. 

Wooden  Floor. — Replying  to  the  comments  of  Mr.  Nichols  and 
others  on  the  wooden  floor  system  adopted,  the  author  would  state 
that  it  was  based  upon  the  results  of  the  experience  of  those  who 
have  been  operating  elevated  railroads  for  many  years.  Whether 
both  inner  and  outer  guards  are  requisite  is  certainly  problematical. 
In  railroad  bridges  the  author  relies  on  the  inner  guards  to  keep 
derailed  wheels  from  receding  far  from  the  rails,  and  on  the  outer 
guards  to  space  the  ties  and  keej)  them  from  bunching. 

Mr.  Weston  has  made  two  or  three  improvements  on  the  original 
design  for  the  floor  system,  notably  the  use  of  tie-plates. 

Replying  to  Mr.  Stuart's  remark  concerning  the  use  of  short  hook 
bolts,  they  were  necessitated  by  the  5-ft.  spacing  of  the  longitudinal 
girders. 

Mr.  Pegram's  design  for  a  floor  without  cross-ties,  as  adojated  for 
the  Kansas  City  Elevated  Railroad,  has  one  very  serious  fault,  viz., 
that  the  trough  will  collect  snow  and  sleet,  which  in  a  cold  climate 
would  be  liable  to  freeze  to  such  an  extent  as  to  stop  traffic  alto- 
gether. 

The  author  cannot  agree  with  Mr.  Tomlinson's  view  that  an  18-in. 
spacing  for  6  x  8-in.  ties  is  an  improvement  on  a  14-in.  spacing,  for 
the  reason  that  a  derailed  wheel  has  a  pretty  deep  hole  to  drojj  into 
when  the  open  space  between  ties  is  10  ins.  wide,  and  that  the  bumj)- 
ing  which  would  result  from  climbing  over  the  ties  and  dropping 
between  them  would  be  liable  to  caiise  disaster.  Fig.  40  shows 
relative  conditions  that  would  exist  with  a  30-in.  derailed  wheel,  as- 
suming that  the  flanges  cut  into  the  ties  |  in.  at  the  corners. 
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Answering  Mr.  Belknap's  cliarge  expressed  tlius,  "it  is  difficult  to  Mr.  Waddell. 
conceive  that  a  railroad  company  would  countenance  the  gross  extrav- 
agance of  using  the  most  costly  grade  of  timber  when  the  preservative 
treatment  of  cheaper  grades  would  give  an  article  much  more  econo- 
mical," the  author  wovild  reply  that,  in  asking  for  bids  on  timber, 
two  specifications  were  used,  the  first  being  the  author's  calling  for 
clear  heart  timber,  and  the  second  that  of  the  Manhattan  Elevated 
Eailroad  Company  allowing  a  certain  amount  of  sa^j  wood  on  the 
corners.  The  difference  in  the  lowest  bid  on  the  two  specifications 
amounted  to  about  50  cents  per  thousand,  so  the  president  of  the 
railroad  comijany  himself  decided  to  adopt  the  heart  timber.  In  spite 
of  what  Mr.  Tomlinson  says  to  the  contrary,  the  author  thinks  that 
this  was  a  wise  decision,  for  it  is  the  saji  wood,  both  treated  and  un- 
treated, that  fails  first. 


Fig.  40. 

Drill  I  Concerning  Existing  Elevated  R'lilroads. — It  is  i^ossible  that 
the  author  has,  much  to  his  regret,  given  offence  to  certain  engineers 
by  his  sweeiDing  assertion  that  "  the  results  of  his  investigation,  as  far 
as  the  designing  of  the  metalwork  is  concerned,  amount  simply  to  the 
accumulation  of  a  great  mass  of  information  exemplifying  '  how  not  to 
do  it.'  "  Such  "was  certainly  not  his  intention,  although  the  statement 
"was  made  with  due  intent  and  to  accomplish  an  imj^ortant  object. 
Moreover,  later  and  more  extended  examinations  of  existing  structures 
confirm  him  in  his  opinion. 

The  raison  d'etre  for  his  statement  is  that,  when  both  the  Wabash 
Avenue  Extension  of  the  Lake  Street  Elevated  and  the  Northwestern 
Elevated  contracts  were  about  to  be  let,  the  strongest  kind  of  pressure 
was  brought  to  bear  upon  the  president  of  these  companies  to  induce 
him  to  set  aside  the  author's  jjlans  and  specifications  and  to  adopt 
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Mr  Waddell.  others  submitted  by  bidders  on  the  plea  that  the  latter  were  the  same 
as  those  used  for  the  New  York  and  Brooklyn  elevated  railroads, 
which  roads  represented  practically  the  ne  plus  ultra  of  both  design 
and  manufacture.  It  was  with  great  difficulty  that  the  author  overcame 
this  opposition;  but,  thanks  to  the  sound  business  policy  of  the  pres- 
ident, he  was  finally  successful  in  having  both  his  plans  and  his  sjieci- 
fications  adopted  and  adhered  to.  Were  it  not  for  this  stand  which 
he  then  took,  the  unscientifically  designed  and  crudely  manufactured 
structures  of  the  New  York  and  Brooklyn  elevated  railroads  would 
still  be  the  criterion  of  excellence  for  that  class  of  construction,  not- 
withstanding the  fact  that  the  Metropolitan  Elevated  of  Chicago,  then 
in  course  of  construction,  is  in  most  particulars  greatly  their  superior. 

The  true  reason  why  elevated  railroads  have  been  so  unscien- 
tiiacally  designed  in  the  past  is  that,  as  a  rule,  the  designing  has 
been  left  almost  exclusively  to  the  manufacturing  companies,  which, 
being  more  interested  in  profits  than  in  anything  else,  naturally  de- 
tailed the  metalwork  so  as  to  have  it  go  through  the  shops  quickly 
and  erect  readily;  and  all  considerations  of  scientific  design  appear  to 
have  been  ignored  because  of  these  requirements. 

The  intent,  therefore,  of  the  author's  "sweeping  assertion"  is  to 
establish  for  all  future  elevated-railroad  work  a  precedent  for  taking 
the  designing  and  the  preparation  of  the  specifications  entirely  out  of 
the  hands  of  the  maniifacturer  of  structural  metalwork  and  placing 
them  where  they  belong,  viz. ,  in  the  hands  of  the  consulting  engineer 
and  expert  in  such  construction.  "Whether  the  attempt  will  prove 
successful  or  not,  remains  to  be  seen. 

Thanks  to  the  courtesy  of  Mr.  Clarke,  in  forwarding  an  advance 
copy  of  his  discussion,  the  author  was  convinced  of  the  necessity  of 
having  a  thorough  examination  of  all  the  New  York  and  Brooklyn 
elevated  railroads  made  by  a  competent  engineer,  in  order  to  enable 
him  to  answer  properly,  not  only  Mr.  Clarke's  discussion,  but  also 
those  of  like  tenor,  the  writers  of  which  take  exception  to  the  author's 
"  sweejjing  assertion."  It  was  therefore  decided  that  the  author's 
chief  office  assistant,  Ira  G.  Hedrick,  Assoc.  M.  Am.  Soc.  C.  E. ,  should 
proceed  east  to  make  the  necessary  examination  and  report.  Follow- 
ing are  extracts  from  his  letter  of  instructions : 

' '  You  will  please  proceed  to  New  York  at  your  earliest  convenience 
and  examine  thoroughly  all  the  elevated  railroads  of  both  New  York 
and  Brooklyn,  with  a  view  to  ascertaining  whether  they  show  any  signs 
of  incipient  failure,  and,  if  so,  what  such  failures  consist  of  and  the 
caixses  thereof.  After  your  examination  is  finished,  you  will  please 
make  me  a  full  and  elaborate  rejiort  of  the  results  of  your  investiga- 
tions. In  this  report  I  desire  you  to  point  out  all  departiires  in  detail- 
ing from  the  requirements  of  good  construction  as  outlined  in  my 
pajjer  on  elevated  railroads,  and  indicate  the  evil  effects  of  such  de- 
partures, if  there  be  any.  You  will,  when  in  New  York,  call  on  the 
Secretary  of  the  American  Society  of  Civil  Engineers  and  obtain  from 
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liini  copies  of  all  the  cliscussious  of  my  paper,  so  as  to  iuclude  iu  your  Mr.  Waddell. 
investigations  a  stiiJy  of  all  j^oints  concerning  existing  elevated  rail- 
roads that  are  raised  in  said  discussions.  In  reporting  to  me  you  will 
please  answer  all  such  points,  so  that  I  can  incorporate  your  I'eport  in 
my  resume,  and  thus  let  you  reply  for  me  to  the  statements  made  in 
the  discussions." 

In  accordance  with  these  instructions  Mr.  Hedrick  spent  a  couple 
of  weeks  in  New  York  and  Brooklyn  making  his  investigations,  and 
after  his  return  presented  a  report  from  which  the  following  extracts 
are  made: 

"  Keferriug  to  the  discussion  of  O.  F.  Nichols,  M.  Am.  Soc.  C.  E., 
the  writer  is  of  the  opinion  that  in  most  instances  iu  the  New  York  and 
Brooklyn  lines  the  connections  of  columns  to  foundations  are  strong 
enough  to  take  care  of  all  stresses  that  ever  come  ui^on  them.  Plenty 
of  anchor  bolts  are  used,  and  these  are  carried  well  down  into  the 
foundations,  and  the  cast-iron  bases  grip  the  feet  of  columns  firmly,  so 
long  as  the  cement  or  filling  used  between  the  column  and  castirg  is 
well  preserved.  Where  columns  are  placed  iu  the  roadway,  cast-iron 
bases,  such  as  are  used  for  the  Second  Avenue  line  in  New  York,  or 
for  the  Kings  County  Elevated  in  Brooklyn,  are  probably  as  satisfac- 
tory and  economical  as  any  that  can  be  used.  But  where  columns  are 
on  curbs,  or  on  private  property,  the  column  foot  shown  on  Fig.  5, 
which  was  used  on  the  Northwestern  Elevated  Eailway,  is  equally  as 
good  and  certainly  much  more  economical." 

"  Where  the  bases  are  made  of  structural  steel,  no  lugs  are  used  on 
the  columns,  but  the  anchor  bolts  merely  pass  through  the  base  plate 
and  angles  connecting  the  column  to  the  base  jilate.  Four  anchor 
bolts  are  used  for  each  column,  and  they  are  placed  very  near  the 
corners  of  the  base  jalates;  therefore  the  strength  and  rigidity  of  the 
connection  between  the  column  and  the  pedestal  depend  entirely  on 
the  ability  of  the  corners  of  the  base  plate  and  angle  to  resist  bending. 
This  style  of  base  is  certainly  not  so  strong  as  where  the  anchor  bolts 
pass  through  bent  plate  lugs  which  are  firmly  riveted  to  the  feet  of 
columns,  as  is  done  in  the  detail  used  for  column  bases  on  the  North- 
w'estern  and  Union  Looj)  Elevated  Railways  in  Chicago. 

"In  regard  to  the  actual  amount  of  longitudinal  thrust  load  from 
braked  trains,  and  the  distribution  of  this  load  over  the  structure, 
there  seems  to  be  considerable  difference  in  opinion  among  engineers, 
and  Mr.  Nichols  takes  a  very  decided  stand  against  the  assumptions 
used  in  designing  the  Northwestern  and  Union  Loop  Elevated  Rail- 
ways. 

"While  it  is  no  doubt  true  that  the  assumption  that  1()%  of  the 
greatest  live  load  between  two  expansion  joints  acts  as  a  hoi-izontal 
thrust  upon  the  columns  between  same  is  on  the  side  of  safety,  yet  it 
is  a  fact  that  light  columns  and  weak  connections  between  columns 
and  cross-girders  are  probably  the  causes  of  more  vibration  in  the 
existing  elevated  structures  in  New  York  and  Brooklyn  than  are  all 
the  other  objectionable  features  combined.  On  allot  these  structures, 
excepting  in  one  or  two  instances,  a  very  percej^tible  longitudinal 
vibration  can  be  felt  when  the  brakes  are  applied  to  a  train,  and  in  the 
taller  portions  of  the  Second  and  Eighth  Avenue  lines  these  vibrations 
seem  to  have  an  amplitude  of  from  one-half  inch  to  an  inch. 

"  On  most  of  these  lines  there  is  an  expansion  joint  in  each  j^anel, 
which  arrangement  makes  each  bent  act  alone  in  resisting  the  longi- 
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Mr.  Waddell.  tudinal  thnist  that  may  come  upon  the  }3anel  attached  thereto,  except- 
ing, of  course,  the  aid  it  may  receive  through  the  track  system. 

"The  writer  cannot  agree  with  Mr.  Nichols  in  regard  to  the  con- 
tinuity of  track  and  the  consequent  distribution  of  this  horizontal 
thrust  or  traction  load,  as  all  joints  in  the  track  rails  and  guard  timbers 
must  adjiist  themselves  for  expansion  and  contraction  of  the  metal 
superstructure,  and  consequently  the  whole  structure  is  practically 
non-continuous  over  expansion  joints;  therefore  the  most  scientific  and 
rational  way  to  design  the  columns  and  cross-girders  is  to  proportion 
them  so  that  each  section  of  structure  between  expansion  joints  can 
take  care  of  itself  entirely  independent  of  any  other  part  of  the  structure. 

"  On  the  portion  of  the  Suburban  Rapid  Transit  Line  which  rests 
on  brick  piers  there  is,  as  stated  by  Mr.  Nichols,  absolutely  no  vibra- 
tion, although  the  longitudinal  girder  construction  is  similar  to  that 
of  other  jDortions  of  the  structure  which  are  supported  on  steel  columns 
and  in  which  there  is  considerable  vibration,  yet  not  so  much  as  in 
many  of  the  older  lines.  This  structure  on  brick  jjiers  certainly  de- 
monsti'ates  the  truth  of  your  column  theory  in  a  most  imjiressive  way, 
and  shows  conclusively  that  the  great  cause  of  vibration  in  ordinary 
construction  lies  in  the  columns  and  their  details,  and  the  writer  is 
therefore  convinced  by  his  observations  that  metal,  properly  applied, 
is  never  wasted  in  columns,  although  the  sections  may  seem  heavy. 

' '  On  none  of  the  elevated  railways  iu  New  York  and  Brooklyn  is 
any  attempt  made  to  carry  the  longitudinal  thrust  directly  into  the 
columns  by  lateral  struts,  and  consequently  there  is  considerable  cross 
bending  on  the  transverse  girders  where  the  columns  are  placed  on  the 
curbs  and  where  the  tracks  are  located  near  the  center  of  the  streets. 
But  this  bending  does  not  affect  the  structure  so  much  where  the 
cross-girders  are  double  and  where  the  columns  are  in  the  street  and 
the  tracks  placed  over  them.  The  bad  effects  of  this  bending  are 
noticeable  on  some  of  the  down-town  lines,  in  which  there  is  a  slight 
canting  of  the  cross-girders  when  the  brakes  are  applied  to  passing 
trains,  and  in  some  cases  the  bolts  attaching  the  longitudinal  girders 
to  cross-girders  have  to  be  frequently  replaced. 

"  By  extending  the  lateral  bracing  out  to  columns  and  thus  firmly 
fixing  their  tops,  as  is  done  on  the  Union  Loop  Elevated  Railway  in 
Chicago,  the  bending  on  cross-girders  is  entirely  avoided  and  a  much 
more  rigid  construction  is  secured,  which  can  best  be  appreciated  by 
standing  on  the  last-named  structure  while  the  brakes  are  applied  to 
trains.  The  writer  regrets  that  he  could  not  take  vibration  curves  on 
the  various  structures  he  inspected  so  as  to  give  a  more  definite  idea 
of  their  relative  rigidities,  and  prove  conclusively  the  superiority  of 
the  well-braced  structure. 

' '  The  writer  agrees  with  Mr.  Nichols  in  regard  to  the  spacing  of 
expansion  pockets,  and  the  greater  rigidity  of  the  structures  in  which 
they  are  spaced  from  150  to  250  ft.  apart  is  very  noticeable.  The 
limiting  distance  for  spacing  expansion  pockets  depends  upon  the 
stresses  produced  in  columns  by  the  expansion  and  contraction  of 
longitudinal  girders  due  to  changes  iu  temperature.  The  more  rigid 
the  columns,  the  greater  will  be  the  temperature  stress  for  any  given 
distance  between  expansion  pockets,  and  vice  versa.  For  the  Union 
Loop  the  limiting  distance  was  found  to  be  150  ft.,  but  on  the  Subur- 
ban Rapid  Transit  Line,  with  expansion  pockets  250  ft.  apart,  the 
metal  in  columns  is  probably  not  strained  any  higher  by  temperature 
stresses  than  that  in  Union  Loop  columns,  on  account  of  the  much 
less  rigid  column  section  used  on  the  Suburban  Raj^id  Transit  Line. 
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"  In  regard  to  column  sections,  there  is  certainly  a  great  diversity  Mr.  Waddell. 
of  opinion  among  engineers,  as  is  evident  by  the  many  diflerent  styles 
used  on  the  lines  in  New  York  and  Brooklyn,  and  it  is  certainly  a 
difficiilt  ta^k  to  design  a  column  which  is  satisfactory  in  every  respect. 
The  Phoenix  column  and  a  column  made  of  two  channels  laced  to- 
gether are  used  on  the  New  York  and  Brooklyn  elevated  roads  more 
than  are  any  of  the  other  styles.  There  are  objections  to  both  of 
these  cohimns.  The  Phcjenix  column  is  inaccessible  for  paint  on  the 
inside,  and  consequently  its  interior  is  subjected  to  the  unmolested 
ravages  of  rust.  It  may  be  claimed  that  no  moisture  can  get  inside 
the  column,  and  therefore  that  there  is  no  necessity  for  the  application 
of  paint;  but  that  an  abundance  of  moisture  and  water  finds  its  way 
to  the  inside  of  these  columns  is  proved  by  the  fact  that  during  the 
winter  season  these  columns  are  often  burst  open  by  the  freezing  of 
the  accumulated  moistiii*e  inside.  The  possible  occurrence  of  such  a 
result  makes  another  serious  objection  to  the  Phcenix  column. 

"The  two-channel  column  with  double-riveted  lacing  is  certainly 
the  most  satisfactory  column  used  on  any  of  the  elevated  railways  in 
New  York  or  Brooklyn,  biit  in  most  instances  its  efficiency  is  largely 
destroyed  by  cutting  the  column  off  below  the  bottom  of  the  cross- 
girder.  The  Fifth  Avenue  Line  in  Brooklyn  and  the  Third  Avenue 
Line  in  New  York  furnish  examples  of  this  defective  style  of  con- 
struction, and  will  be  considered  later  on  in  this  report.  The  columns 
built  of  two  channels  laced  together  usually  have  the  webs  of  chan- 
nels placed  i^arallel  to  the  center  line  of  structure,  so  that  the  webs 
of  channels  carry  the  shear  from  longitudinal  thrust,  and  the  lacing 
carries  the  shear  from  transvei-se  loads.  The  double-riveted  lacing  is 
surely  ample  to  carry  the  transverse  loads  due  to  wind,  but  on  curves 
the  centrifugal  load  could  be  much  more  satisfactorily  carried  by  solid 
webs,  as  there  is  in  all  cases  considerable  vibration  from  trains  pass- 
ing around  curves.  Two  15-in.  channels  with  webs  turned  parallel  to 
center  line  of  structure  do  not  give  nearly  as  strong  a  section  longi- 
tudinally as  two  channels  and  one  I-beam,  the  section  used  on  the 
Union  Loop  of  Chicago.  This  I-beam  column  is  just  as  satisfactory, 
as  far  as  proi^er  connections  are  concerned,  as  the  two  channel  column, 
and  is  certainly  mu.ch  more  rigid  in  both  transverse  and  longitudinal 
planes. 

' '  The  investigations  made  by  the  writer  verify  your  assertion  that 
all  columns  should  be  extended  up  to  tops  of  cross-girders,  which 
should  be  solidly  riveted  into  them. 

"  The  assertion  by  Mr.  Nichols  that  the  later  structures  in  New 
York  have  the  tops  of  columns  so  firmly  fixed  that  the  structures 
coiild  be  slid  bodily  over  the  ice  without  the  columns  collapsing 
would,  in  the  writer's  opinion,  apply  only  to  the  Suburban  Rapid 
Transit  Line  in  New  York. 

"  The  straight  brackets  in  use  on  most  of  the  lines  in  New  York 
and  Brooklyn  consist  of  two  small  angles  with  two  and  three  rivet 
connections  to  ci'oss-girders  and  columns,  and  are  almost  absolutely 
useless  as  bracing.  The  rivets  in  these  connections  work  loose,  showing 
that  the  details  are  weak  and  overstrained.  A  straight  bracket  with  a 
solid  web  would  be  more  efficient  than  a  curved  bracket,  but  less 
pleasing  in  api^earance,  but  the  ciirved  bracket  with  a  solid  web  is  in- 
comjjarably  better  than  the  angle  brackets  in  such  common  use  on  the 
older  lines. 

"  Referring  to  the  discussion  by  T.  C.  Clarke,  M.  Am.  Soc.  C.  E., 
the  writer  made  a  careful  examination   of   the  Second  Avenue  Line 
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Mr.  Waddell.  in  New  York,  and  in  the  following  pages  each  of  the  seventeen  essen- 
tials of  good  construction  given  in  your  paper  are  applied  to  the  above- 
named  structure  and  the  evil  effects  of  the  violation  of  these  essen- 
tials are  pointed  out. 

"  1.  Ins'ttficienci/  of  Rivetafor  Connecting  Dlagonnh  to  Chords  of  Open- 
Webbed  Girders. — Tlie  diagonals  in  the  longitudinal  girders  of  the 
Second  Avenue  Line  are  each  composed  of  two  angles  varying  in  size 
from  6x4  ins.  at  ends  to  4  x  3  ins.  at  center.  The  diagonals  are  of  the 
single-intersection  Warren  gLrder  type,  and  in  no  case  do  they  intersect 
on  center-of-gravitj  lines.  There  are  only  four  or  five  rivets  connect- 
ing these  diagonals  to  the  chords,  and  as  there  are  no  connection 
plates  in  the  girders,  the  rivets  connecting  the  diagonals  to  the  chords 
are  bunched  in  such  a  small  space  that  it  is  hardly  probable  that  the 
full  value  of  these  few  rivets  is  obtained.  Some  of  these  rivets  are 
working  loose,  but  not  so  many  as  would  be  expected.  Judging  from 
the  investigations  made,  there  is  pi'obably,  on  the  Second  Avenue  Line, 
an  average  of  about  twenty  loose  rivets  per  mile  jier  month  in  the 
diagonals  of  longitudinal  girders.  This  number  is  only  about  one- 
third  as  many  as  are  founet  on  the  Third  Avenue  Line,  but  certainly 
many  more  than  should  be  found  on  a  structure  which  has  been  prop- 
erly designed. 

"2.  Fail  we  to  later  <ect  Dingonab  and  Chords  of  Open- Webbed  Gird- 
ers on  Graviti/  Lines. — In  none  of  the  longitudinal  or  transverse  girders 
of  the  Second  Avenue  Line  do  the  diagonals  intersect  on  gravity  lines, 
while  near  the  ends  of  these  girders  where  large  angles  are  used  these 
diagonals  intersect  in  some  cases  as  much  as  8  ins.  off  centers. 

"  It  will  be  interesting  to  take  the  case  of  a  45-ft.  span  (Fig.  41) 
and  figure  the  comlnned  direct  and  bending  stress  on  the  top  chord. 
The  loads  assumed  for  these  calculations  are  the  same  as  were  used  in 
designing  the  Union  Loop. 

Dead  load  per  lineal  foot  of  track . .       700  lbs. 
Live  load         "  "  '•       ..    2  -500    " 


Total  load       "  "  "       ..    3  200  lbs.,  or,  1  600  lbs  per 

lineal  foot  per  stringer. 
"Moment  at  center  of  girder  =  i  x  1  600  x  (46)-  ^  405  000  foot- 

l)ounds.      Effective    depth  of  girder  =  3.25  ft.     Stress  =  —  = 

124  600  lbs. 

"  Bending  on  top  chord.     Let  us  use  the  compromise  formula  3/ 
=  0.1  Wl. 

Live  load,  M  =    0.1  x  11  000  x  42  =  46  200  inch-pounds. 


Dead  load  31  =  -ij  x  350  x  35  x  42  =    4  290  inch-pounds. 

Total  bending  moment  =  50  490  ' ' 

Section  for  top  chord,  assumed,  tw^o  6  x  6-in.  72-lb.  angles. 

Moment  of  inertia  of  top  chord  ^=  45  net. 

„       4.25x50  490       ,  ^^^  ,, 

R  = T^ =  4  768  lbs. 

45 

T^-       ,   i  124  600       e^...  „ 

Direct  stress  =  — r-r-; —  =  8  653  lbs. 
14,4 
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"  Total  extreme  fiber  stress  in  center  panel  of  to^j  chord  due  to  com-  Mr.  WaddelL 
bined  direct  load  and  bending  =  13  421  lbs.  i^er  square  inch.     This  is 
too  high  an  intensity  to  use  where  the  loads  are  so  frequently  applied 
as  they  are  on  this  line.    The  intensity  used  for  the  top  chord  sections 
on  the  Union  Loop  was  9  000  lbs. 

"Let  us  try  the  end  detail  of  these  longitudinal  girders.  End 
shear  =  22.5  x  1  600  =  36  000  lbs. ;  eccentricity  =  12  ins. ;  moment  due 
to  eccentricity  =  36  000  x  12  =  432  000  inch-pounds;  moment  of  in- 
ertia of    section  on  A  B   (Fig.  42)  =  160    net;     E  =     "         = 

9  450  lbs.,  which  is  all  right. 

"Let  us  try  an  intermediate  panel  point   "X/'Figs.  41  and  43. 

^.  ,  .  1  ,       ..  .  ,  -,  36  000     X     7  „,r  r.n 

Direct  stress  in  second  panel  ol  top  chord  = ^r-?^ =  77  54U 


3.25 


77  540 
lbs.     Therefore  P  =  -,^  =  5  385  lbs. 
14.4 


P  =    5  385  lbs.       Stress  in  diagonal  =  15  600  lbs. 


Bending  from  wheels 
R  = 


4  768 


Bending  due  to  ec- 
centricity R  =  11  787 


Lever   arm    for   eccentricity  =  8 

ins. 
Moment  =  8  x  15  600  =  124  800 

inch-pounds. 

„       4.25x124  800       -.-.nc^rm 

R  =  • — =  11  787  lbs. 

45 


Total  extreme  fiber 

stress  =  21  940 


Fig.  41. 

"  This  is  too  high  to  strain  the  top  flanges  of  these  girders.  From 
the  above  figures  it  will  be  seen  that  the  eccentric  connections  are  the 
cause  of  more  stress  in  the  top  chords  than  the  combined  dix'ect  load 
and  bending  diie  to  wheel  loads.  Such  unnecessary  stresses  should 
certainly  not  exist  in  a  well-designed  structure. 

"4.  Pi tilu7-e  to  Proportion  Top  Chords  of  Open- Webbed  Longitudinal 
Girdei'S  to  Resist  Bending  from  Wheel  Loads  in  Addition  to  Their  Direct 
Compressive  Stresses. — From  the  figures  made  for  Section  2,  it  will  be 
seen  that  the  stresses  in  top  chord  angles  are  not  excessive  for  the 
combined  direct  load  and  bending  due  to  wheel  loads  on  top  chords, 
but  that  the  stress  due  to  eccentric  connections  combined  with  the 
two  cases  named  above  increases  the  total  intensity  to  about  100% 
above  what  it  should  be.  With  jiroper  connections  the  top  chords  of 
this  structure  would  not  be  overstrained  more  than  45  per  cent. 

"  5.  Insufficient  Bracing  on  Curves. — On  the  Second  Avenue  Line  no 
bracing  is  provided  on  curves,  except  the  ordinary  stringer  bracing. 
As  a  result  of  this  neglect,  the  stringer  bracing  connections  on  curves 
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Mr.  WaddeU.  are  badly  overstrained,  and  the  rivets  are  continually  working  loose. 
The  bracing  frames  between  adjacent  stringers  seem  to  suffer  espec- 
ially from  the  centrifugal  load,  and  as  the  diagonals  in  these  frames 
are  "of  small  flat  bars,  connected  by  one  rivet  at  each  end,  and  at  the 
intersection  at  center,  they  are  entirely  inadequate  for  the  work  they 
have  to  do.  There  is  great  vibration  on  all  curves  caused  by  passing 
trains,  although  their  speed  is  much  reduced  as  they  approach  the 
curves. 

"  On  Twenty-third  Street,  where  the  line  runs  from  First  Avenue 
to  Second  Avenue,  there  is  a  short  tangent  between  two  very  sharp 
curves,  and  the  lack  of  sufficient  bracing  is  clearly  shown  by  the  sway- 
ing of  the  structure  in  both  transverse  and  longitudinal  directions  as 
the  trains  pass  around  these  curves. 

' '  Rigid  bracing  frames  placed  at  center  of  panels  would  add  greatly 
to  the  rigidity  of  the  structure.  A  comparison  of  the  action  of  this 
structure  with  that  of  the  Union  Loop  Elevated  in  Chicago  under 
similar  loads  and  conditions  would  show  the  great  advantage  to  be  de- 
rived from  a  rigid  lateral  system  on  curves. 

"  6.  Insufficient  Bracing  between  Adjacent  Longitudinal  Girders. — On 
the  entire  Second  Avenue  line  the  adjacent  longitudinal  girders  are 
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braced  together  with  3  x  3-in.  angles  in  the  planes  of  both  top  and 
bottom  flanges,  with  a  bracing  frame  at  each  end  of  panel,  and  one  or 
more  at  intermediate  points  according  to  length  of  span.  As  stated 
before,  the  diagonals  in  the  bracing  frames  are  of  small  flats  and  of 
very  little  value  as  bracing.  The  bracing  angles  between  the  adjacent 
longitudinal  girders  are  ample  to  carry  all  stresses  which  can  come 
upon  them  where  the  structure  is  on  tangent,  but  as  no  plates  are  used 
for  connecting  these  angles  to  the  longitudinal  girders,  only  two  rivets 
are  used  to  attach  them  to  the  girders.  These  two-rivet  connections 
do  not  stand  the  wear  and  tear  of  the  constant  vibration  produced  by 
the  heavy  traffic,  and  as  a  result  many  of  these  rivets  work  loose.  The 
single  rivets  in  the  bracing  frame  connections  also  frequently  work 
loose.  Enough  metal  has  been  used  in  the  bracing  between  longitu- 
dinal girders  to  make  a  thoroughly  rigid  system  if  properly  distributed. 
If  the  bracing  angles  between  bottom  flanges  of  girders  had  been 
omitted  and  the  same  amount  of  metal  were  used  in  providing  suitable 
connection  plates  and  rigid  bracing  frames  joining  the  longitudinal 
girders  at  the  center  of  panel,  and  if  all  connections  were  made  with 
three  or  more  rivets,  the  structure  would  be  more  rigid  and  there 
would  be  no  trouble  Avith  loose  rivets  in  the  lateral  bracing. 
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"5.  Excess  of  Expansion  Joinffi. — In  tlie  Second  Avenue  structure,  Mr.  WaddeU. 
provision  is  made  for  expansion  in  every  panel,  and  this  excess  of  ex- 
pansion joints  is  one  great  cause  for  vibration  in  the  structure. 
Neglecting  the  continuity  of  the  track,  each  bent  has  to  take  care  of 
all  longitudinal  thrust  from  traction  or  braked  trains  coming  on  the 
panel  which  is  attached  to  it.  There  can  be  no  real  necessity  for  the 
expansion  joints  on  this  line  being  placed  closer  than  at  every  fourth 
bent,  or,  say,  from  175  to  200  ft.  apart,  and  such  an  arrangement  would 
add  a  great  deal  to  the  rigidity  of  the  structure. 

".9.  Resting  Longiludinal  Girders  on  Top  of  Cross-Girders  WitJiout 
Riveting  Them  Effectively  Tliereto. — The  attachment  of  longitudinal  gird- 
ers to  the  gross-girders  on  the  Second  Avenue  line  is  the  same  for  both 
fixed  and  sliding  ends,  except  that  the  holes  for  the  bolts  used  in  the 
connections  at  sliding  ends  are  slotted  and  are  jirovided  with  washers, 
while  for  the  fixed  ends  the  holes  are  made  to  fit  the  bolts  or  rivets. 
The  connection  of  longitudinal  girders  to  the  cross-girders  is  not  well 
designed  to  transmit  the  longitudinal  thrust  from  the  former  to  the 
latter.  The  bolts  connecting  the  ends  of  the  lower  flanges  of  the 
longitudinal  girders  to  the  cross-girders  are  missing  in  a  great  many 
instances,  especially  in  portions  of  the  structure  on  curves. 


Fig.  43. 

"  The  end  details  of  these  longitudinal  girders  have  a  great  deal  to 
commend  them  from  a  manufacturer's  point  of  view,  as  they  are  simjjle, 
and  no  sj)ecial  details  whatever  are  required  for  the  sliding  ends. 

"  iO.  Cross-Girders  Subjected  to  Horizontal  Betiding  by  Thrust  of  Trains. 
— No  struts  are  used  on  the  Second  Avenue  line  in  any  case  to  carry  the 
thrust  from  braked  trains  to  column  direct,  but  the  cross-girders  are 
relied  upon  to  carry  this  load  in  bending.  Throughout  the  entire 
line  all  cross-girders  are  composed  of  two  separate  girders,  each  of  four 
angles  and  a  solid  web  plate,  or  a  lattice  web  system.  These  girders 
have  stay  plates  between  them  at  all  points  where  the  longitudinal  gird- 
ers connect  to  the  cross-girders,  so  these  heavy  cross  girders  are  prob- 
ably ami)ly  strong  to  carry  all  transvex'se  bending  that  comes  uj^on  them 
in  portions  of  the  structure  where  the  columns  are  located  in  the  street 
beneath  the  tracks.  But  on  portions  of  the  structure  where  the 
columns  are  jslaced  on  curbs,  the  bending  should  be  taken  care  of  by 
means  of  struts  extending  out  to  the  columns.  On  some  of  the  down- 
town portions  of  structure  with  the  columns  located  on  curbs,  there 
is  a  perceptible  canting  of  the  cross-girders  when  the  brakes  are 
applied  to  paseing  trains,  and  the  writer  was  told  by  persons  in  a 
position  to  know  that  this  torsion  on  the  cross-girders  is  the  cause  of 
a  great  many  rivets  and  bolts  working  loose. 
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Mr.  Waddell.  ^'11.  Gutting  Off  Columns  Below  the  Bottom  of  Cross-Girders  and 
Resting  the  Latter  Thereon. — The  columns  on  this  line  are  all  cut  off 
below  the  bottoms  of  cross-girders  and  are  jn-ovided  -with  cast-iron 
caps  which  are  bolted  to  the  tops  of  columns  and  to  the  cross-girders. 
The  cross-girders  are  double,  as  previously  described,  therefore  they 
furnish  quite  a  large  bearing  area  on  top  of  columns.  A  large  jjlate  1 
in.  thick  is  inserted  between  the  cast-iron  cap  and  the  bottom  of  cross- 
girders,  and  about  twelve  -s^-in.  bolts  are  used  in  the  connection  of 
cross-girders  to  columns.  This  detail,  of  course,  does  not  fix  the  tops 
of  columns  in  such  a  rigid  way  as  the  details  used  on  the  Union  Looj) 
of  Chicago,  but  the  connection  is  as  strong  in  every  way  as  it  is  jios- 
sible  to  make  it  when  the  columns  are  ciit  off  below  cross-girders.  The 
writer  could  find  none  of  the  bolts  in  these  connections  loose,  and  he 
was  informed  by  others  that  only  a  very  few  of  these  bolts  had  ever 
been  replaced. 

"No  diaphragms  are  used  between  the  cross-girders  directly  over 
the  columns,  and  it  occurred  to  the  writer  that  if  a  solid  diaphragm 
had  been  put  in  between  the  two  cross-girders,  directly  over  the  center 
of  the  column,  riveted  to  both  girders  and  bolted  to  the  top  of 
column,  it  would  practically  have  made  a  fixed  end  of  the  top  of 
column,  so  far  as  the  cross-girders  ai'e  concerned.  Such  details  for 
tops  of  columns  cannot  be  commended,  because  the  only  rigidity 
which  can  be  obtained  in  such  connections  is  due  to  the  ability  of  the 
bolts  to  resist  direct  tension,  and  certainly  better  results  can  be  ob- 
tained at  much  less  cost  by  running  up  the  columns  and  riveting  the 
cross-girders  into  them. 

"■12.  Paltry  Brackets  Connecting  Cross-Girders  to  Columns. — The 
brackets  used  on  the  Second  Avenue  line  are  small  cast-iron  sections 
curved  to  circular  form,  and  bolted  at  one  end  to  the  cross-girders  and 
at  the  other  to  the  column.  If  these  brackets  were  put  on  mei'ely  to 
improve  the  a^jpearance  of  the  structure,  they  may,  to  a  certain  extent, 
be  said  to  fill  the  jjurpose  for  which  they  were  intended,  but  if  they 
were  intended  to  serve  as  braces  to  aid  the  column  in  any  way,  they 
are  certainly  useless. 

"13.  Proportioning  Columns  for  Direct  Live  and  Dead  Load  and  Ig- 
noring the  Effects  of  Bending  Caused  by  Thrust  of  Trains  and  Lateral 
Vibration. — The  columns  used  on  this  Second  Avenue  line  are  of  Phoenix 
sections  and  contain  ample  metal  to  resist  all  stresses  that  ever  come 
upon  them  if  they  were  firmly  fixed  at  the  tops  in  both  transverse  and 
longitudinal  directions.  The  vibration  in  this  structure  is  not  due  to 
lack  of  metal  in  columns,  but  to  numerous  defective  details  as  outlined 
previously.  While  there  is  considerably  more  vibration  in  this  struct- 
ure than  there  should  be,  it  is,  nevertheless,  the  most  rigid  and  durable 
of  any  of  the  elevated  roads  in  New  York,  excepting  the  Suburban 
Rajjid  Transit  line  and  the  City  Hall  approach,  and  the  better  condi- 
tion of  this  Second  Avenue  line  is  due  largely  to  the  great  amount  of 
metal  used  in  its  construction.  As  nearly  as  the  writer  can  estimate 
the  weight  of  this  structure,  it  contains  about  ^^%  more  metal  per 
lineal  foot  of  structure  than  does  the  Union  Loop  of  Chicago.  A  large 
portion  of  this  metal  is  in  the  columns  and  cross-girders. 

"  As  before  stated,  the  Phcenix  columns  on  this  line  are  often  burst 
by  the  freezing  of  accumulated  water  on  the  inside  of  the  columns. 
This  water  must  get  into  the  column  by  the  bolt  holes  at  top,  through 
which  the  bolts  pass  that  attach  the  cross-girders  to  the  column,  also 
through  the  holes  in  the  sides  of  columns  through  which  the  bolts  pass 
that  connect  the  curved  cast-iron  brackets. 
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"  14.    Omisiiion  of  Diuphrofivi  Wehs^  in  Columns  Subjected  lo  Bending.  Mr.  Waddell. 
— The  Phoenix  column  requires  no  diaphragm  and  is  well  adapted  to 
carry  shear  in  any  direction. 

"  15.  Ineffectioe  Anchorage;  16,  Column  Feet  Surrounded  by  and 
Filled  with  Dirt  (uid  Moisture ;  17,  Inefficient  Bases  for  Pedestals. — The 
bases  of  the  columns  are  made  of  cast  iron,  and  into  these  cast-iron  bases 
the  column  is  set  in  cement  or  rust  grouting.  The  joints  between  the 
columns  and  castings  are  in  good  condition,  and  there  are  no  evidences 
of  any  springing  or  movement  of  the  columns.  The  cast-iron  bases  are 
extended  far  enough  above  the  ground  to  prevent  the  dirt  and  moist- 
iire  from  accumulating  around  the  steel  column.  The  columns  are  not 
badly  rusted,  considering  the  length  of  time  this  structure  has  been 
built.  Each  of  these  cast-iron  bases  is  anchored  to  the  masonry  by 
four  anchor  bolts  which  extend  to  the  bottom  of  pedestal.  The  an- 
chorages are  so  strong  that  the  columns  and  pedestals  would  act  as  one 
piece  if  tested  to  destruction.  There  have  been  but  few  if  any  repairs 
made  to  the  anchorages  and  pedestals,  nor  has  there  been  any  settle- 
ment of  the  foundations.  It  is  the  opinion  of  the  writer  that  the 
pedestals,  bases  and  anchorages  are  first  class,  and  if  all  parts  of  the 
structure  were  as  well  designed  as  these  portions  there  would  be  but 
little  adverse  criticism  to  make. 

"From  the  foregoing  you  will  note  that  the  writer  does  not  agree 
with  Mr.  Clarke's  statement  that  the  Second  Avenue  line  conforms  in 
general  design  to  all  of  the  seventeen  essentials  named  in  your  paper, 
and  maintains  that  Nos.  1,  2,  5,  8,  9,  10  and  11  of  the  defects  named  do 
exist  in  a  very  distinct  form  in  the  Second  Avenue  line,  and  that  the 
evil  results  of  such  defects  are  plainly  shown  by  the  action  of  the 
structure  under  loads  and  by  the  necessity  for  repairs  which  are  being 
made  from  time  to  time. 

"  Mr.  Clarke's  figures  of  ^319  j^er  mile  per  year  seem  a  large  amount 
to  pay  out  for  repairs  to  metalwork  alone,  exclusive  of  painting  and 
trackwork.  The  writer  is  of  the  opinion  that  on  a  structure  designed 
like  those  shown  in  your  paper,  the  cost  of  repairs  to  metalwork  alone 
would  be  practically  nothing  for  the  first  20  or  30  years;  and  with  no 
increase  in  the  live  loads,  the  life  of  such  a  structure,  kept  well 
painted,  would  be  indefinitely  long. 

"The  writer  wishes  it  to  be  understood  that  he  does  not  criticise 
the  design  of  the  Second  Avenue  line  as  not  being  fully  up  to  the 
standard  of  good  construction  at  the  time  it  was  built,  and  he  appreci- 
ates the  fact  that  the  art  of  steel  construction  was  in  its  infancy  20 
years  ago,  and  that  it  has  been  by  a  process  of  evolution  that  the  de- 
signs of  to-day  are  so  far  superior  to  those  of  the  earlier  days. 

"  General  Criticism  of  All  the  Elevated  Railways  in  New  York  and 
Brooklyn. — In  accordance  with  your  reqvxest,  the  writer  extended  his 
investigations  to  all  the  elevated  railways  in  New  York  and  Brooklyn, 
and  in  the  following  report  will  take  up  the  17  defective  points  men- 
tioned in  your  paper,  and  apply  them  to  all  of  these  lines,  and  will 
show  that  some  of  these  exist  in  all  of  the  structures  mentioned,  and 
all  of  them  in  some  of  the  structures. 

"  1.  Insufficiency  of  Rivets  for  Connecting  Diagonals  to  Chords  of  Open- 
Webbed  Girders. — The  longitudinal  girders  on  the  Third  Avenue  line 
were  originally  made  with  single  intersection  webs,  each  diagonal 
being  composed  of  two  angles;  but  with  increased  live  loads  and  con- 
stant traffic  these  girders  began  to  wear  out  so  rapidly  that  it  became 
necessary  to  strengthen  them.  This  strengthening  was  done  by  put- 
ting in  another  set  of  diagonals,  each  diagonal  being  composed  of  two 
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Mr.  Waddell.  flat  bars  which  pass  between  the  original  angle  diagonals  at  their 
centers  and  are  riveted  to  them  at  their  intersection  by  one  rivet.  No 
connecting  plates  are  used  in  any  of  the  connections  of  diagonals  to 
chords,  and  even  with  the  additional  set  of  diagonals  the  girders  are 
weak. 

"If  the  loads  were  equally  distributed  between  the  two  sets  of 
diagonals,  the  number  of  rivets  in  the  connections  of  diagonals  to 
chords  would  be  ample;  but,  as  the  added  diagonals  are  capable  of 
taking  tension  only,  they  are  of  but  little  value,  and  the  end  connec- 
tions are  still  overstrained,  as  is  shown  by  the  number  of  loose  rivets 
to  be  found  in  them. 

"The  construction  of  the  longitudinal  girders  in  the  Ninth  Avenue 
line  is  very  similar  to  that  of  the  Third  Avenue  line. 

' '  The  longitudinal  girders  in  the  Kings  County  Elevated  are  of 
much  better  design  ;  for  in  most  cases  j^lenty  of  rivets  are  used,  as  the 
diagonals  are  connected  to  web  plates  in  tojj  and  bottom  chords. 

"  2.  FaiLure  to  Intersect  Diagomils  and  Chords  of  Open- Webbed  Glnf- 
€7-s  on  Ordvity  Lines. — On  none  of  the  lines  where  lattice  girders  are 
used  has  there  been  any  attemjjt  to  intersect  the  diagonals  on  gravity 
lines,  and  this  is  no  doubt  one  of  the  great  causes  for  the  wear  on  these 
girders." 

"4.  F(dlure  to  Proportion  Top  Chords  of  Open- Webbed  Longitudinal 
Girders  to  Resist  Bending  from  Wheel  Loads  in  Addition  to  Their  Direct 
Compressive  Stresses.  — No  webs  are  used  in  the  top  chords  of  longitu- 
dinal girders  in  any  of  the  New  York  lines,  but  as  the  panels  are  very 
short  in  most  instances,  the  bending  on  top  chords  from  wheel  loads 
does  not  produce  excessive  strains  in  them. 

"  On  the  Kings  County  Elevated,  heavy  web  plates  about  15  ins. 
wide  are  used  between  both  toj)  and  bottom  chord  angles,  which  are 
ample  to  resist  the  bending  from  wheel  loads  in  addition  to  the  direct 
stresses.  The  connections  are  eccentric,  and  the  stresses  due  to  the 
bending  from  eccentric  connections  are  greater  than  those  from  the 
bending  due  to  loads  on  top  chords. 

"To  make  a  comparison  of  the  details  of  the  longitudinal  girders 
used  on  the  Union  Loop  in  Chicago,  and  some  of  the  New  York  and 
Brooklyn  elevated  roads,  the  writer  herewith  gives  some  typical  de- 
tails of  the  different  designs  in  Figs.  44,  45,  46  and  47. 

"  By  a  careful  inspection  of  Fig.  44,  which  shows  the  details  of  the 
longitudinal  girders  used  on  the  Union  Loop,  it  will  be  seen  that  all 
diagonals  intersect  on  the  center-of-gravity  lines  of  the  chords,  thus 
eliminating  all  secondary  stresses,  while  the  diagonals  of  girders 
shown  in  Figs.  45,  46  and  47,  do  not  intersect  on  gravity  lines  ;  conse- 
quently large  secondary  stresses  are  produced  in  all  said  designs. 

"It  will  also  be  noticed  that  in  the  Union  Loop  design  ample  pro- 
vision has  been  made  for  bending  on  tojj  chords,  by  providing  a  web 
plate  between  the  two  tojj  chord  angles,  that  large  connecting  plates 
are  used  for  connecting  diagonals  to  bottom  chords,  and  that  more 
rivets  are  used  in  all  connections  of  diagonals  than  in  the  girders  of 
the  other  structures. 

"The  girders  for  the  Kings  County  Elevated,  Fig.  45,  have  heavy 
web  plates  in  top  and  bottom  chords,  and,  although  more  metal  is  used 
in  these  girders  than  in  those  for  the  Union  Loop,  none  of  the  diagon- 
als intersect  on  gravity  lines.  The  end  detail  of  these  girders  which 
furnishes  the  bearing  on  cross-girders  is  very  eccentric,  and  it  will  be 
seen  that  on  the  section  on  AB,  Fig.  45,  there  is  a  large  bending 
moment  which  must  be  taken  up  by  the  top  chord  and  the  reinforcing 
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Mr.  AVaddell.  angles  at  the  end  ;  hut  tbe  reinforcing  angles  are  cut  off  so  near  the 
point  of  maximiim  bending  that  there  is  a  great  shear  on  the  few  rivets 
back  of  the  section  line  AB  which  could  easily  have  been  avoided  by 
extending  the  reinforcing  angles  back  12  or  15  ins.  farther. 

"  Fig.  46  shows  the  details  of  the  longitudinal  girders  on  the  Second 
Avenue  line,  which  have  been  considered  previously. 

"  Fig.  47  shows  the  details  of  the  longitudinal  girders  on  the  Third 
Avenue  line  since  they  have  been  re-enforced.  The  eccentric  connec- 
tions, light  top  chord  section,  and  few  rivets  in  all  connections  should 
be  noted. 

"There  is  one  commendable  feature  of  the  girders  shown  in  Figs. 
45  and  46,  which  that  shown  in  Fig.  44  does  not  possess,  and  that  is 


Fig.  45. 

the  projection  of  the  top  flange  angles  above  the  cross-girders.  This 
arrangement  of  girders  gives  an  unbroken  surface  of  longitudinal 
girders  on  which  to  lay  the  ties. 

"5.  Insu-fficient  Bracing  on  Curves. — No  special  lateral  bracing  is 
used  on  curves  of  any  of  the  New  York  and  Brooklyn  lines. 

"  6.  Insufficient  Bracing  between  Adjacent  Longitudinal  Girders. — On 
the  Second  Avenue,  the  Third  Avenue,  and  the  Ninth  Avenue  lines, 
both  the  top  and  bottom  flanges  of  adjacent  longitudinal  girders  are 
braced  together  with  angles  connected  to  girders  by  two  rivets,  no  con- 
nection plates  being  used  in  any  case.  On  all  of  these  lines  there  are 
loose  rivets  in  the  bracing  connections. 
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"  7.  Pin- Connected  Pony  Trusx  Spans  and  Plate  Girders  with  Unsiiff-  Mr.  Waddell. 
ened  Top  Fl'inges. — Pony  truss  spans  are  nsed  on  the  greater  portion 
of  the  Sixth  Avenue  line,  and  of  all  the  structures  which  the  writer 
has  examined,  this  one  is  undoubtedly  in  the  worst  condition.  The 
evidences  of  wear  and  tear  are  too  numerous  to  mention.  The  vibra- 
tion is  excessive,  and  loose  rivets  are  plentifiil. 

"  8.  Excess  of  Expansion.  Joints..  — With  two  or  three  exceptions,  all  of 
the  lines  in  New  York  and  Brooklyn  have  expansion  joints  at  every 
panel.  Two  of  the  excejitions  are  the  Fifth  Avenue  line  in  Brooklyn,  in 
which  the  sliding  ends  are  placed  at  every  third  bent,  or  about  150  ft. 
apart,  and  the  Suburban  Rapid  Transit  line,  in  which  they  are  placed 
at  every  fifth  bent,  or  about  225  ft.  apart.  The  longitudinal  rigidity 
gained  by  sjjacing  the  sliding  ends  as  in  the  last-named  structure  is 


lAME,  EVCEPTIfJS 
THAT  HOLES  FOR  BOLTS  AUACHINS  L0N5ITUDINAL  GIRDERS 
ABESLOTTEO  AT  SLIDIN5  ENDS 
ONE  SLIDING  END  IS  PROVIDED  IN  EACH  PANEL., 


Fig.  46. 

ver}'  noticeable  by  comparing  them  with  the  structures  in  which  the 
exiDansion  joints  are  placed  in  every  jDanel. 

"  ^.  Resting  Longitudinal  Girders  on.  Top  of  Gross-Girders  Without 
Riveting  Them  Effectivelif  Thereto. — Various  details  are  used  on  the  dif- 
ferent lines  for  attaching  the  longitudinal  girders  to  cross-girders. 
The  details  adopted  on  the  Kings  County,  the  Second  Avenue,  and  the 
Third  Avenue  lines  are  shown  in  Figs.  45,  46  and  47,  and  these  are 
typical  of  those  used  on  all  of  the  older  lines.  On  the  Suburban  Rapid 
Transit  line  in  New  York,  and  the  Fifth  Avenue  line  in  Brooklyn,  the 
longitudinal  girders  are  riveted  into  the  cross-girders,  the  top  flanges 
of  the  former  passing  beneath  those  of  the  latter. 

' '  The  connections  of  longitudinal  girders  to  cross-girders  on  the 
older  lines  are  not  designed  to  resist  properly  the  thrust  from  braked 
trains,  as  will  be  seen  from  Figs.  45,  46  and  47. 
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Mr.  WaddeU.  "A  great  many  of  tlie  rivets  and  bolts  attaching  the  longitudinal 
girders  to  the  cross-girders  work  loose,  especially  those  at  bottoms  of 
longitudinal  girders. 

"  10.  Crosi^-Girders  Subjected  to  Horizontal  Bending  by  Thrust  of 
Trains. — On  none  of  the  lines  in  New  York  or  Brooklyn  is  any  special 
bracing  used  to  carry  the  thrust  from  braked  trains  directly  to  the 
columns,  and  thus  relieve  the  cross-girders  from  the  transverse  bend- 
ing which  comes  upon  them.  A  slight  semblance  of  such  bracing  is 
used  on  the  Kings  County  Elevated,  biit  the  struts  are  of  small  single 
angles,  which  are  placed  in  planes  of  bottoms  of  longitudinal  girders 
only,  and  are  not  capable  of  carrying  the  stresses  which  come  upon 
them. 

"On  most  of  the  older  structures  the  cross-girders  are  all  double, 
consequently  they  are  capable  of  carrying  more  horizontal  bending 
than  are  single-webbed  girders,  and  when  the  columns   are   placed 


Fig.  47. 

beneath  or  quite  near  the  tracks,  they  are  strong  enough  to  carry  the 
thrust  to  the  columns;  but  where  cokimns  are  set  on  curbs,  the  bending 
effect  of  braked  trains  is  noticeable  m  the  vibrations  of  the  structure, 
and  in  some  cases  by  the  canting  of  the  cross-girders. 

"The  bracing  used  on  the  Union  Elevated  Eailway  of  Chicago  to 
take  up  the  thrust  from  braked  trains,  also  to  fix  the  tops  of  columns, 
is  shown  in  Fig.  44.  From  some  of  the  discussions,  the  writer  believes 
it  will  be  interesting  to  give  in  this  connection  the  method  used  in  de- 
termining the  size  of  these  struts  and  the  strength  of  their  details. 

"Let  us  assume  the  sjian  length  to  be  50  ft. ;  live  load  =  1  800  lbs. 
per  lineal  foot  of  track  (equivalent  load  for  150  ft.  span);  total  live 
load  on  one  panel  per  track  =  50  x  1  800  =  90  000  lbs. ;  coefficient  of 
friction  =  0.20;  longitudinal  thrust  =  90  000  x  0.20  =  18  000  lbs. ;  dis- 
tance from   center   to  center  of  columns  =  22.66  ft.;   thrust  on    one 
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column 


18  000x17.33 
22.66 


=  13  770  lbs. ;  the  depth  of  longitudinal  girder  Mr.  Waddell. 


is  5  ft.,  unsupported  length  of  column  =  16  ft.  (see  Fig.  48). 

"  As  this  bracing  is  designed  to  fix  the  tops  of  columns,  and  as  the 
bottoms  of  columns  are  firmly  fixed  by  the  anchorages,  the  lever  arm 
is  equal  to  one-half  the  unsupported  length  of  column,  or  8  ft. 

Stress  on  lower  strut  =  ' sec.  0  =  42  246  lbs. 


Stress  on  top  strut  = 


8  X  13  770 


sec.  6  =  25  998  lbs. 


"The  unsupported  length   of  these  struts  is  about   4  ft.     Least 

radius   of  gyration,    two  4  x  3-in.  25-lb.    angles   =    1.2.     Therefore, 

/  48 
=  — -^  =  40.    Hence,  these  struts  are  good  for  12  000  lbs.  i)er  square 

inch.     They  are,  therefore,  strong  enough  to  fix  the  tops  of  columns. 

From  Fig.  44  it  will  be  seen  that  eight  rivets  are  used  for  the  bottom 

struts;  then  stress  on  each  rivet  in  the  connection  for  bottom  strut  = 

42  246 

— 5 —  =  5  281  lbs. ,  and  for  those  in  the  connection  for  top  strut  = 


o 


25  998 


Fig.  48. 


6 


=  4  333  lbs 


These  stresses  are  well  within  ordinary  working 

intensities.  From  these  calculations,  it  will  be  seen  that  the  tops  of 
columns  are  fixed  by  these  struts,  and  that  all  members  and  details 
are  strong  enough  to  take  care  of  the  stresses  produced  by  the  as- 
sumed thrust  of  0.20  of  the  live  load. 

"  Having  thus  shown  the  method  used  in  determining  the  size  of 
struts  required  to  fix  the  tops  of  columns,  the  effect  of  this  horizontal 
thrust  will  now  be  used  in  proportioning  a  column. 

"  Assuming  the  same  span  length  as  before,  we  have  the  following: 
"  Live  load  =  2  440  lbs.  per  lineal  foot  of  track  (equivalent  live 

load  for  50-ft.  span). 
"  Dead  load  =     650  lbs.  per  lineal  foot  of  track. 

"  Total  =  3  090  lbs. 

"  Total  load  on  one  column  from  longitudinal  gird- 
ers   3  090  X  50  =  154  500  lbs. 

"  Weight  of  one  column  and  half  of  one  cross-girder.       6  500     " 

"  Total  direct  load  on  one  column 161  000     " 


476  corkespondencp:  oisr  elevated  railroads. 

Mr.  Waddell.  "The  total  longitudinal  tliriist  on  one  column,  as  given  above,  is 
13  770  lbs.  One-half  imsupported  length  of  column  =  8  ft.  or  96  ios. 
Bending  on  column  =  96  x  13  770  =  1  321  920  inch-pounds.      Sectioa 

{2  15-in.   lOO-lb.   channels.      Area  of  section  =  82.3 
sq.  ins. 
1  15-in.  123-lb.  T-beam. 
"The  web  of  X-beam  is  placed  parallel  to  center  line  of  structure. 
"The  moment  of  inertia  of  section  ^  1  300  net. 
"  Therefoi'e  the  stress  on  extreme  fiber 

1300 
"  Stress  from  direct  load  =    5  000     " 


"  Total  sti'ess  on  extreme  fiber  due  to  combined 

direct  load  and  bending  moment  =  13  135     " 

which  is  allowable  under  such  an  unusual  loading,  as  —  is  less   than 

forty-five. 

"From  the  foregoing  calculations  it  will  be  seen  that  all  parts  of 
the  structure  are  designed  to  resist  properly  the  assumed  horizontal 
thrust;  audit  is  interesting  to  note  also  that,  although  all  jjossible  com- 
binations of  stresses  under  the  most  unfavorable  conditions  are  prop- 
erly taken  care  of,  the  structure  does  not  weigh  as  much  per  lineal 
foot  as  some  of  the  older  designs  in  which  no  provision  is  made  for 
such  stresses,  although  they  are  liable  to  occiir. 

'^11.  Gutting  off  GoLunms  Beloio  the  Bottom  of  Gross- Girders  and 
Resting  the  Latter  Thereon. — The  columns  of  nearly  all  the  structures 
in  New  York  and  Brooklyn  are  cut  oflf  below  the  bottoms  of  cross- 
girders,  except  in  the  City  Hall  ap2oroach  in  New  York,  and  on  a  por- 
tion of  the  line  on  Broadway  in  Brooklyn.  On  the  City  Hall  approach 
the  columns  are  built  of  two  15-in.  channels,  laced  together  with 
double-riveted  lacing.  The  inner  channel  is  cut  off  below  the  bottom 
of  ci'oss-girder,  and  the  outer  channel  is  extended  to  the  top  of  cross- 
girder,  the  latter  being  riveted  into  this  channel.  This  construction 
is  certainly  much  better  than  that  iised  on  most  of  the  New  York 
lines;  but  the  connection  would  be  more  rigid  if  both  channels  were 
extended  to  top  of  cross-girder,  and  if  a  diaphragm  were  placed  be- 
tween the  two  channels  and  extended  down  to  the  bottom  of  the 
curved  bracket  beneath  the  cross-girder. 

"  The  detail  used  for  attaching  the  cross-girders  to  columns  on  the 
Rapid  Transit  line.  New  York,  and  given  by  Mr.  Berger  in  Fig. 
35,  is  certainly  a  good  one,  as  it  makes  the  cross-girder  and  column 
practically  continuous,  and  is  at  the  same  time  comparatively  easy 
to  maniifacture  and  erect. 

"  On  all  lines  where  Phoenix  columns  are  iised,  the  columns  are  cut 
ofi"  beneath  the  cross-girders,  and  are  provided  with  cast-iron  caps  to 
which  the  cross-girders  are  attached  by  means  of  bolts.  This  style 
of  construction,  with  its  defects,  was  disctissed  in  connection  with  the 
Second  Avenue  line. 

"  On  the  Third  Avenue  line  the  columns  are  composed  of  two  15- 
in.  channels  connected  with  double -riveted  lacing,  and  are  fiared 
out  at  the  top  to  receive  the  longitudinal  girders  which  rest  thereon. 
The  connections  between  columns  and  girders  are  very  weak,  and  are 
not  capable  of  resisting  properly  the  longitudinal  thrust. 

"  The  cufving  of  channels  at  tops  is  objectionable,  for,  according 
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to  the  reports  of  shop  inspectors,,  the  channels  often  crack  while  being  Mr.  Waddell. 

bent.     Another  objectionable  feature  of  this  style  of  column  is  that 

where  the  concentrations  from  longitudinal  girders  come  upon  the 

edge  of  the  column,  there  is  very  little  metal  to  carry  the  load.    There 

are  many  failures  in  the  details  at  tops  of  the  columns  on  the  Third 

and  Ninth  Avenue  lines,  ami  in  many  instances  bent  plates  have  been 

used  to  reinforce  them. 

"  The  bolts  and  rivets  which  attach  the  longitudinal  girders  to  the 
tops  of  columns  fail  in  a  great  many  instances,  and  in  some  cases  the 
tops  of  columns  have  been  reinforced  with  bent  plates.  A  jjortion 
of  the  Ninth  Avenue  line  is  constructed  in  the  same  manner.  On 
the  Fifth  Avenue  line  in  Brooklyn  the  columns  are  built  of  two 
15-in.  channels  with  double  riveted  lacing  bars.  The  inner  channel 
is  cut  ofl'  below  the  bottom  of  cross-girder,  and  the  outer  one  is  ex- 
tended up  about  18  ins.,  and  riveted  to  end  of  cross- girder.  The 
detail  is  similar  to  that  used  on  the  City  Hall  approach,  but  not  nearly 
so  good. 

"12.  Paltry  Brackets  Connecting  Gross-Girders  to  Columns. — The 
brackets  used  on  the  Second  Avenue  line  have  been  described,  and  the 
same  style  of  brackets  is  used  on  all  structures  having  Phoenix 
columns. 

"  The  columns  on  Third  Avenue  are  flared  out  at  top  and  thus  form 
a  kind  of  bracket.  The  brackets  on  the  Sixth  Avenue  line  are  made  of  a 
single  3-in.  or  4-in.  T-iroii  3,nd  connected  to  columns  and  cross-girders 
by  four  small  rivets  about  f  in.  in  diameter,  at  each  end.  These 
brackets  are  absolutely  useless  so  far  as  jsroviding  any  lateral  rigidity 
to  the  structure  is  concerned. 

"  On  the  Kings  County  Elevated  the  brackets  are  made  of  two  3  x 
3-in.  angles  connected  to  cross-girders  and  columns  by  three  rivets  or 
bolts.  These  brackets  are  very  weak,  and  add  but  little,  if  any, 
rigidity  to  the  structure. 

"  A  portion  of  the  Fifth  Avenue  line  in  Brooklyn  has  brackets  com- 
posed of  two  6  X  6-in.  angles  attached  to  cross-girders  and  columns 
by  four  rivets  at  each  end  of  strut.  These  brackets  are  strong  enough 
to  take  care  of  any  stress  that  comes  upon  them.  On  some  portions 
of  this  line,  where  the  structure  is  only  of  ordinary  height,  the 
brackets  are  omitted,  and  as  the  connection  between  cross-girders  and 
columns  is  weak,  as  previously  described,  the  tops  of  columns  are 
almost  free  ended.  This  portion  of  the  structure  is  very  vibratory,  in 
fact  the  writer  believes  the  vibration  at  the  Sixteenth  Street  station  on 
this  line  is  greater  than  at  any  other  elevated  station  in  New  York  or 
Brooklyn. 

"The  City  Hall  approach  has  curved  brackets  with  solid  webs 
which  serve  their  i^urjiose  well. 

"  The  brackets  on  the  Suburban  Rajaid  Transit  line  are  made  of  two 
4  X  3-in.  angles,  bent  at  ends  onto  cross-girders  and  columns,  and  con- 
nect by  six  rivets.  These  brackets,  and  the  superior  details  used  to 
connect  the  cross-girder  to  column  heljj  to  make  the  structure  rigid 
transversely. 

"13.  Proportioning  Columns  /or  Direct  Live  and  Dead  Loads  and 
Ignoriiig  the  Effects  of  Bending  Caused  by  Thrust  of  Trains  and  Lateral 
Vibration. — If  all  details  were  made  so  as  to  fix  properly  the  tops  of 
columns  in  both  transverse  and  longitudinal  planes,  the  sections  used 
for  the  columns  on  most  of  the  lines  in  New  York  and  Brooklyn  would 
be  strong  enough  to  carry  satisfactorily  all  the  loads  that  could  ever 
come  iipon  them. 
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Mr.  Waddell.  "  i4.  Omisision  of  Diaphragm  Wehfi  in  Columns  Subjected  to  Bending. — 
A  great  many  of  the  columns  used  on  the  various  lines  are  of  Phoenix 
section,  and  consequently  do  not  require  diaphragms,  and  on  several 
lines  where  channel  columns  are  used  the  lacing  is  double  riveted.  The 
writer  could  see  no  signs  of  failure  in  any  of  the  lacing  on  columns, 
even  where  single  riveted  lacing  is  used. 

"  15.  Ineffective  Anchorages. — The  writer  believes  that  the  anchor- 
ages on  nearly  all  the  lines  he  examined  are  strong  enough  to  carry 
satisfactorily  all  the  combinations  of  stresses  which  ever  come  tipon 
them. 

"16.  Column  Feet  Surrounded  by  and  Filled  with  Dirt  and  Moisture. — 
There  are  a  number  of  designs  used  for  column  feet  on  the  different 
lines  in  New  York  and  Brooklyn,  biit  in  nearly  all  cases  the  bases  are 
made  of  cast  iron,  and  are  extended  well  above  the  surface  of  the 
ground,  serving  as  fenders  where  the  columns  are  jjlaced  in  the  street. 
The  feet  of  the  Phoenix  columns  are,  in  general,  as  well  preserved  as 
coiild  be  expected  considering  the  age  of  these  structures,  and  the 
little  attention  these  bases  have  receivecl.  If  the  feet  of  columns 
were  kept  properly  painted,  and  if  the  joints  between  the  columns  and 
the  cast-iron  bases  were  kej^t  well  tilled  with  grouting,  these  bases 
would  be  entirely  satisfactory. 

"  The  bases  of  columns  on  the  Third  and  Sixth  Avenue  lines  and 
on  a  portion  of  the  Ninth  Avenue  line  are  very  different  from  those 
used  with  the  Phoenix  columns.  As  well  as  the  writer  could  determine, 
these  columns,  which  are  in  the  street,  are  set  in  a  cast-iron  base 
which  is  entirely  below  the  surface  of  the  pavement,  and  a  separate 
east-iron  fender  is  used  above.  These  bases  are  not  so  satisfactory  as 
those  previously  described,  and  in  many  cases  the  fenders  are  broken 
and  the  feet  of  columns  are  badly  rusted. 

"  The  column  bases  on  the  Suburban  Rapid  Transit  line  are  made 
of  cast  iron  and  the  bottoms  of  columns  are  filled  with  grouting.  The 
feet  of  these  columns  are  in  good  condition. 

"On  a  portion  of  the  line  on  Broadway  in  Brooklyn,  the  bases  are 
made  of  cast-iron  and  are  solidly  riveted  to  the  feet  of  columns.  These 
castings  rest  on  stone  pedestals  which  project  18  ins.  or  2  ft.  above  the 
pavement  and  serve  also  as  fenders.  These  column  feet  are  in  excel- 
lent condition;  the  connections  of  columns  to  bases  are  very  strong, 
and  their  bases  are  in  turn  attached  to  pedestals  by  four  anchor  bolts. 
There  is  no  place  for  moisture  or  dirt  to  accumiilate,  and  for  dura- 
bility and  efficiency  these  bases  are  probably  superior  to  those  used  on 
any  of  the  other  elevated  lines  in  New  York  or  Brooklyn. 

"17.  Insufficient  Bases  for  Pedestals. — The  writer  could  not  secure 
much  information  concerning  the  pedestals,  but  so  far  as  he  could 
leai-n  there  has  never  been  any  trouble  from  the  settlement  of  founda- 
tions, and  therefore  it  is  probable  that  ample  bases  have  been  provided 
for  the  pedestals. 

"18.  Neglect  of  Painting  the  Metalworlc. — It  is  surprising  to  note  the 
false  economy  practiced  on  all  the  elevated  railways  in  New  York  and 
Brooklyn,  by  failing  to  keep  the  metalwork  properly  painted.  It  is 
safe  to  say  that  there  is  not  a  single  line  which  is  not  badly  in  need  of 
repainting. 

"  Without  doubt  the  almost  unmolested  erosion  of  the  metal  on 
the  older  structures  has  done  more  to  destroy  them  than  the  wear  and 
tear  due  to  both  the  heavy  traffic  and  the  excessive  vibration  from  de- 
fective details.  It  is  only  a  matter  of  time,  and  not  a  very  long  time 
either,  unless  some  very  eflfective  means  are  employed  to  arrest  the 
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ravages  of  rust,  imtil  the  older  structures  will  have  to  be  rebuilt.  It  Mr.  Waddell. 
is  indeed  remarkable  that  metalwork,  the  value  of  which  runs  up  into 
millions  of  dollars,  should  be  left  to  rust  away,  when  a  comparatively 
small  sum  of  money,  spent  at  the  jiroper  time  and  for  the  right  kind  of 
painting,  would  prolong  the  life  of  the  structiire  indefinitely.  The 
writer  believes  that  the  subject  of  painting  should  have  received  more 
consideration  in  your  paper,  as  it  is  certainly  a  most  important  one. 
Engineers  should  certainly  use  their  influence  to  prevent  such  great 
losses  to  the  companies,  which  losses  are  as  sure  to  come  from  lack  of 
painting  as  from  faulty  details." 

From  what  Mr.  Hedrick  says  it  will  be  seen  that  Mr.  Clarke  was  a 
trifle  hasty  when  he  stated  that  the  Second  Avenue  line  of  New  York 
' '  conforms  in  general  design  to  all  of  his  (the  author's)  sixteen  '  es- 
sentials,'although  in  details  there  are  many  difi'erences."  In  truth, 
there  are  very  few  of  said  essentials  of  good  construction  that  were  not 
violated  in  the  design  of  this  Second  Avenue  line;  although  there  is 
this  to  be  said  in  its  favor — a  plentiful,  or,  strictly  speaking,  an  ex- 
travagant, use  of  metal  rediaces  considerably  the  magnitude  of  the  ill 
effects  of  the  violation  of  first  principles  of  design;  and,  considering 
the  lack  of  knowledge  about  structural  metalwork  at  the  time  it  was 
designed,  it  is  a  creditable  piece  of  engineering  work.  Nevertheless, 
this  is  no  reason  why  it  should  continue  to  be  a  model  for  future  ele- 
vated railroads. 

Treated  Versus  Untreated  Timber. — It  appears  that  Mr.  Stuart  and 
Mr.  Belknap  question  the  correctness  of  the  data  used  in  comparing 
the  real  values  of  vulcanized  and  untreated  timber,  so  it  behooves  the 
author  to  make  good  his  j)remises. 

Most  of  his  information  concerning  vulcanized  yellow  pine  was  ob- 
tained in  conversation  with  the  late  Colonel  Hain,  who  was  for  many 
years  general  manager  of  the  Manhattan  Railway  Comj)any.  Un- 
fortunately there  is  no  documentary  evidence  to  verify  the  conversa- 
tion mentioned,  but  the  author  is  able  to  give  the  following  extract 
from  a  letter  by  Colonel  Hain  to  Professor  F.  Holbein,  of  Berlin,  Ger- 
many, which  will  substantiate  the  statement  that  the  former  approved 
of  vulcanized  timber  for  elevated  railroads : 

"We  first  began  the  use  of  vulcanized  wood  in  the  spring  of  1883. 
One  million  feet  of  vulcanized  cross-ties  and  planking  was  placed  on 
the  line  of  our  road  that  year,  expressly  to  give  it  a  fair  trial  on  its 
merits.  Alter  the  lapse  of  six  years,  a  careful  and  critical  examina- 
tion was  made  of  the  vulcanized  material  laid  in  1883.  We  found  it 
entirely  free  from  decay,  and  as  soiind  and  sweet  as  the  day  it  was 
laid.  There  were  no  indications  of  decay  at  the  end  of  the  vulcanized 
planking,  while  the  planks  and  cross-ties  not  treated,  placed  on  the 
structure  at  the  same  time,  were  decayed  at  the  ends  and  where  they 
were  nailed  or  bolted  to  the  supporting  timbers. 

"Since  the  foregoing  examination,  we  have  been  using  vulcanized 
material  exclusively  on  the  line  of  the  road.  Actual  experience  has 
satisfied  us  that  vulcanizing  is  far  superior  to  any  other  known  treat- 
ment for  prolonging  the  life  of  timber.     We  find  that  vulcanized  ma- 
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Mr.  Waddell.  terial  neither  wears  out  nor  decays.  We  have  had  no  occasion  to  take 
up  any  of  it  since  we  commenced  its  use. 

"Our  experience  with  creosoted  ties  proved  unsatisfactory.  Creo- 
soting  seems  to  soften  timber  and  weaken  its  spike-hokling  quality. 
We  have  found  great  trouble  in  kee^nng  spikes  in  place,  especially  on 
curves.  Sjiikes  in  vulcanized  wood  we  find  are  as  firmly  fixed  after 
the  lapse  of  ten  years  as  when  first  driven. 

"Vulcanized  wood  does  not  seem  affected  by  wind,  rain,  heat  or 
sun.  Before  we  adojited  vulcanized  wood  it  was  necessary  to  con- 
stantly employ  150  men  jaainting  our  structure.  Since  its  adoption, 
we  have  only  60  j^ainters,  who  work  on  the  iron  part  of  the  structure 
exclusively.     Vulcanized  wood  needs  no  paint  to  jirotect  it. 

"The  average  life  of  untreated  ties  and  timber  on  our  structure 
has  been  about  five  to  six  years." 

Here  is  a  distinct  disagreement  between  Mr.  Stuart  and  Colonel  Hain 
concerning  the  life  of  untreated  timber  on  elevated  railroads.  Mi*. 
Stuart  challenges  the  author's  assumj^tion  that  the  life  of  such  timber 
is  as  short  as  seven  and  a  half  years,  while  Colonel  Hain  says  that  on  his 
lines  it  has  been  about  five  or  six  years.  The  author's  experience  with 
timber  trestles  in  various  jaarts  of  the  United  States  indicates  a  life  of 
from  five  to  eight  years  for  untreated  yellow  pine;  although  in  certain 
cases  a  couple  of  years  longer  duration  has  been  obtained  by  renew- 
ing defective  parts  and  bolstering  uj)  the  structure  in  different  ways. 

In  order  to  satisfy  Mr.  Belknap's  doubts  concerning  the  efficiency 
of  the  vulcanizing  process  and  the  comparative  values  of  vulcanized 
and  untreated  timber,  the  author  has  collected  quite  a  mass  of  written 
evidence,  extracts  from  which  are  given  in  the  aj^pendix. 

Bearing  Capacity  of  Chicago  Soil. — The  author  regrets  that,  as  pointed 
out  by  Mr.  Weston,  his  statement  that  Mr.  Rowe  found  the  safe  load 
per  square  foot  for  Chicago  soil  as  low  as  1  000  lbs. ,  should  cause  any 
misconception  concerning  the  character  of  the  foundations  for  the 
Northwestern  and  Union  Loop  Elevated  Railroads.  Mr.  Rowe's  dis- 
cussion, though,  will  clear  up  any  such  misunderstanding. 

Best  Style  of  Anckorage  for  Columns. — Answering  Mr.  Nichols'  state- 
ment that  the  author  dujDlicated  in  his  column  anchorage  for  the  Sioux 
City  train-shed  the  corresponding  detail  used  for  the  St.  Louis»Union 
Depot,  the  author  would  reply  that  the  design  for  the  former  was  made 
in  June,  1891,  before  anyone  did  any  figuring  at  all  on  the  St.  Louis 
train-shed. 

Best  Sections  for  Columns.- — Answering  Mr.  Nichols'  statements  that 
no  one  has  ever  made  a  very  satisfactory  column  from  I-beams,  and 
that  the  Z-bar  column  is  "  unsatisfactory  when  it  comes  to  connec- 
tions with  girders  or  with  column  feet,"  the  author  must  take  issue 
with  him;  for  it  would  be  difficult  to  evolve  a  more  satisfactory  column 
for  street  work  than  that  formed  of  two  channels  with  an  I-beam  be- 
tween, as  used  throughout  the  Union  Loop.  The  author  does  not 
mean  satisfactory  to  the  manufacturer  or  to  the  erector,  but  satisfac- 
tory to  the  party  who  pays  for  and  operates  the   structure.     These 
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columns  are  not  only  extremely  rigid,  but  also  are  well  calculated  to  Mr.  Waddell. 
resist  deformation  from  the  heavy  blows  to  which  they  are  occasionally 
subjected  by  the  street  traflfic.  As  for  the  Z-bar  column  of  the  North- 
western Elevated,  one  could  not  ask  for  better  connections  for  detail- 
ing; and  certainly  the  column  thus  far  has  proved  satisfactory  in 
every  respect,  although  it  has  not  yet  been  subjected  to  the  test  of 
traffic. 

llei^lying  to  Mr.  Nichols'  question  as  to  why  the  columns  for  De- 
signs 12  and  13  have  larger  sections  than  those  for  Design  3,  the  author 
would  state  that  the  latter  design  involves  the  use  of  longitudinally 
braced  towers,  while  the  other  designs  do  not.  In  Design  3  there  is 
only  direct  vertical  load  on  the  columns,  while  in  the  other  designs 
there  are  both  vertical  load  and  cross  bending. 

Mr.  Connor  criticises  the  Z-bar  column  on  account  of  its  expense 
in  manufacture;  but  when  one  considers  that  when  the  Northwestern 
metalwork  contract  was  let  the  pound  price  bid  was  very  much  lower 
than  any  jsrice  previously  tendered  on  elevated  work,  notwithstanding 
not  only  the  alleged  difficulty  in  manufacturing  the  columns,  but  also 
the  reaming  clause,  the  importance  of  his  criticism  reduces  practically 
to  zero.  It  must  be  remembered  that  the  ultimate  object  in  designing 
metalwork  is  to  obtain  results  and  not  to  keep  down  to  the  lowest  pos- 
sible limit  the  cost  of  manufacture. 

The  columns  of  two  channels  with  flared  ends  advocated  by  Mr. 
Connor  are  defective  for  two  reason:  first,  the  bending  is  injurious  to 
the  metal,  and,  second,  the  bearings  for  the  longitudinal  girders  are 
inadequate.  Mr.  Hedrick  refers  to  these  points  in  his  report  upon  the 
New  York  and  Brooklyn  elevated  railroads. 

Best  Style  of  Expansion  Joint. — The  author  never  claimed  that  he 
evolved  his  design  for  expansion  pockets  out  of  his  inner  consciousness. 
It  represents  simply  an  improvement  on  the  older  designs,  in  that  the 
load  from  the  longitudinal  girder  is  applied  as  closely  as  practicable 
to  the  web  of  the  cross-girder,  and  in  that  the  weight  of  metal  required 
is  reduced  to  about  a  minimum,  with  due  regard  for  both  direct  load 
and  bending  caused  by  eccentricity. 

Disttince  Between  Expansion  Joints.  —  In  respect  to  the  best  distance 
between  expansion  joints,  the  author  would  call  attention  to  the  fact 
that  when  the  columns  are  fixed  at  top  and  bottom,  the  effect  of  variation 
of  temperature  is  greater  than  where  one  end  is  loose,  and  that  the  ex- 
tremes of  temperature  in  Chicago  are  somewhat  greater  than  those  at 
New  York.  On  these  accounts  he  still  prefers  to  adhere  to  150  ft.  as 
the  regular  limit,  with  an  occasional  length  of  200  ft.  at  most,  where 
the  conditions  necessitate  it.  The  author's  calculations  were  based 
upon  an  assumed  extreme  of  expansion  and  contraction  equal  to  1  in. 
in  100  ft.,  although  he  considered  it  probable  that  not  much  more  than 
three-quarters  of  this  would  be  found  after  erection. 
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.Mr.  vvaddell.  Superelevation  on  Curves. — Mr.  Nichols  must  remember  that  it  is 
intended  to  operate  the  Northwestern  Elevated  at  much  higher 
sjieed  than  ever  before  adopted  for  an  elevated  railroad,  hence  the 
author's  "apology  for  a  compromise  between  theory  and  practice  in 
using  low  elevations  of  the  outer  rail  on  curves." 

Answering  Mr.  Nichols'  surmise  that  none  of  the  connections  of 
the  author's  columns  to  girders  are  either  very  simple  or  thoroughly 
effective,  the  author  begs  to  submit  through  Mr.  Hedrick's  report 
some  detail  sketches  of  the  tops  of  the  columns  for  the  L0013.  From 
these  sketches  it  will  be  seen  that  the  column  tops  are  connected 
rigidly  by  an  ample  number  of  rivets  to  substantial  struts  that  form 
part  of  a  complete  system  of  lateral  bracing,  and  that  the  connecting 
rivets  are  in  direct  shear.  It  is  shown  by  these  sketches  that  "close 
adherence  to  the  scholastic  methods  has  not  led  to  the  retention  of 
some  of  the  antique  errors  of  girder  construction." 

It  is  evident  from  Mr.  Nichols'  figures  that  the  spans  on  his  Brook- 
lyn Elevated  could  have  been  made  a  trifle  shorter,  so  far  as  economy 
is  concerned;  however,  if  he  will  deduct  the  cost  of  all  the  lateral 
bracing,  and  will  compare  that  of  the  longitudinal  girders  alone  with 
that  of  the  bent,  he  will  not  find  as  much  difference  as  30  per  cent. 
It  is  very  easy  to  see  that  if  the  cost  of  a  bent  be  practically  constant 
for  small  changes  in  length  of  longitudinal  girders,  and  if  the  cost  per 
foot  of  the  latter  vary  directly  with  the  span,  the  greatest  economy 
will  exist  when  the  cost  of  a  bent  is  equal  to  the  cost  of  the  longitu- 
dinal girders  of  one  span. 

In  order  to  reply  to  Mr.  Nichols'  claim  that  an  earth  embankment 
with  concrete  retaining  walls  would  be  cheaper  than  the  structure 
adopted  for  the  Northwestern  Elevated,  the  author  has  made  such  a 
design  with  an  estimate  of  cost,  and  finds  that,  on  the  contrary,  the 
embankment  would  cost  fully  1%  more.  The  data  for  the  estimate 
are  as  follows : 

Height  of  embankment  above  street,  16  ft. ;  width  of  embankment 
out  to  out,  48  ft. ;  thickness  of  both  wall  and  buttresses  at  top,  18  ins. ; 
thickness  of  wall  at  top  of  footing  cotirse,  3  ft. ;  that  of  buttresses  at 
same  elevation,  6  ft. ;  width  of  footing  course  for  wall,  5  ft.,  and  that 
for  buttresses,  8  ft. ;  depth  of  foundation,  5  ft. ;  front  face  of  wall 
vertical;  rear  face  stepped  off  by  6-in.  offsets;  three  horizontal  l|-in. 
rods  used  to  tie  together  each  pair  of  opposite  buttresses  transversely 
to  line;  vulcanized  ties  8  ins.  x  8  ins.  x  9  ft.  spaced  2  ft.  centers;  price 
of  concrete  $7  per  cubic  yard;  cost  of  metal  2.5  cents  per  pound;  cost 
of  earth  in  place  30  cents  j^er  cubic  yard;  cost  of  excavation,  including 
back-lilling,  50  cents  per  cubic  yard;  cost  of  rails  for  both  cases,  $2 per 
lineal  foot  of  track;  cost  of  vulcanized  timber  in  place  $36  per  M., 
B.  M. 

The  length  of  line  considered  is  one  city  block  of  292  ft. ,  of  which 
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tlie  street  takes  72  ft.  and  tlie  alley  20  ft.,  leaving  exactly  100  ft.  as  Mr.  Waddell. 
the  length  of  each  retaining  wall.     As  it   is  not   practicable  to  tie 
together  opposite  buttresses  in  the  end  walls,  the  entire  end  walls  were 
made  of  the  same  section  as  the  buttresses  of  the  side  walls. 
The  following  is  the  detailed  estimate  of  cost : 


Two  Embankments. 


Concrete 1  502  cu.  yds. ,  at  ^7  00 

UO  514  00 

Earth   4  187         "           "         30 

1  256  10 

Excavation 782         "           "         50 

391  00 

Ties 400                     "     1  75 

700  00 

Bails,  etc 800  ft.  of  track  "     2  00 

1  600  00 

Metal 16  400  lbs.            "     2.5  cents       410  00 

Grouting  around  the  rods 

200  00 

Total 

$15  071  10 

Metal  Structure  over  Alley. 

Metal 20  000  lbs.    at    2.5  cents 

$500  00 

Floor 20  ft.      "         ^23  00 

460  00 

Total.    

$960  00 

Metal  Structure  over  Street. 

Metal 132  000  lbs.  at  2.5  cents 

$3  300  00 

Floor 72  feet    "       $23  00 

1  656  00 

Pedestals 6           "       100  00  (av.)      600  00 

Total 

$5  566  00 

Embankment 

$15  071  10 

Over  alley 

960  00 

Over  street   

5  556  00 

Total    

$21  587  10 

or,  $73  93  per  lineal  foot. 
Cost  of  Metal  Elevated. 

Metal,  per  foot,  1  765  lbs.  at  2.5  cents. 

Floor  and  rails,  per  foot .    

Pedestals  (32  at  $96)  ^292 . 


$44  13 
14  32 
10  52 


Total  cost  per  lineal  foot $68  97 
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Mr.  Waddell.  The  schedule  prices  used  in  these  estimates  are  the  same  as  those 
adopted  for  the  preliminary  estimates  of  cost  for  the  Northwestern  Ele- 
vated. Moreover,  they  have  since  proved  to  be  almost  exactly  right,  ex- 
cept that  the  concrete  in  foundations  was  somewhat  cheaper;  but  as  the 
concrete  for  the  walls  will  be  more  expensive  than  that  in  the  pedestals 
on  account  of  the  more  complicated  and  larger  forms  required  and  the 
smooth  finish  of  the  exterior,  it  has  been  considered  best  to  let  the 
price  stand  unchanged. 

The  difference  in  cost  per  foot  in  favor  of  the  metal  structiire  is 
^4  96,  or  a  little  over  7  per  cent. 

The  adoption  of  the  embankment  design  would  increase  the  cost  of 
right-of-way  almost  as  much  as  it  would  that  of  the  construction,  for, 
although  it  would  not  affect  the  price  of  the  land  occupied  by  the 
stx'ucture,  it  would  affect  the  amounts  to  be  paid  as  damages  to  adjacent 
property.  These  will  average  as  high  as  'dO%  of  the  cost  of  the  land 
occupied  by  the  structure.  The  reason  for  the  smaller  damages  for  a 
steel  structure  is  that  with  it  the  railroad  company  is  able  to  grant 
to  adjacent  property  owners  access  to  the  damaged  property  from  the 
right  of  way,  which  could  not  be  done  were  the  embankment  design 
adopted.  The  author  has  been  informed  by  one  of  the  officials  of  the 
Northwestei'n  Elevated,  who  is  best  posted  on  right-of-way  matters, 
that  the  additional  amount  to  be  j)aid  for  damages  on  account  of  the 
embankment  design  would  be  not  less  than  15  per  cent. 

The  advantages  of  the  embankment  design  are,  first,  a  reduction 
in  cost  of  painting  to  one-third  of  that  for  the  metal  structure,  and, 
second,  lowering  the  grade  about  3  ft.  To  offset  these  there  are  the 
extra  first  cost  of  consti'uction  and  right  of  way,  the  more  rapid  de- 
terioration of  the  ties  in  the  embankment,  and  the  prevention  of  use 
of  ground  beneath  the  structure  for  storage  purposes,  small  shops, 
etc.  This  last  item  is  an  important  one,  especially  as  the  ground  will 
become  more  and  more  valuable  for  such  jiurposes  as  the  city  con- 
tinues to  grow  and  develop  in  the  neighborhood  of  the  line. 

Answering  Mr.  Nichols'  criticism  of  the  design  for  anchor  bolts, 
take  the  worst  case  on  the  Loop,  where  the  spans  are,  say,  50  ft.  long, 
making  the  distance  between  expansion  points  150  ft.,  and  load  two  of 
the  three  sjpans  to  the  maximum,  making  the  live  load  on  one  track 
about  200  000  lbs.,  for  which  the  thrust  would  be  40  000  lbs.,  or  13  333 
lbs.  per  bent.  The  spacing  of  tracks  being  12  ft.  and  that  of  the 
columns  22  ft.  8  ins.,  the  portion  of  the  13  333  lbs.  going  to  the  nearer 
column  would  be  about  lU  000  lbs.  The  greatest  unsupported  length 
of  column,  measuring  from  the  under  side  of  the  thrust  strut  to  the 
bottom  of  the  base  plate,  is  25  ft. ;  and,  as  the  column  is  fixed  at  both 
ends,  the  point  of  contraflexure  will  be  at  the  middle,  making  the  lever 
arm  for  the  thrust  150  ins.  and  the  overturning  moment  1  500  000  inch- 
pounds. 
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In  order  to  make  all  tlie  conditions  as  bad  as  possible  for  the  detail,  Mr.  Waddell. 
BO  live  load  will  be  placed  on  tlie  bent  considered,  and  as  the  dead 
load  per  track,  including  weight  of  bents,  is  800  lbs.  per  lineal  foot, 
the  dead  load  on  the  column  is  40  000  lbs.  It  is  difficult  to  say  where 
is  the  center  of  upward  pressure  to  resist  this  weight;  but,  if  it  be 
assumed  at  the  same  distance  from  the  axial  plane  as  are  the  anchor 
bolts,  or  9  J  ins. ,  no  great  error  will  be  made.  This  makes  the  right- 
ing moment  380  000  inch-pounds,  leaving  for  the  net  overturning 
moment  1  120  000  inch-jjounds;  dividing  this  by  the  19  ins.  between 
opposite  anchor  bolts  gives  about  59  000  lbs.  as  the  stress  on  the  two 
anchor  bolts.  As  these  are  1|  ins.  in  diameter,  the  intensity  on  the 
metal  will  be  about  17  000  lbs.,  which,  though  high,  is  not  excessive. 

As  this  is  the  worst  possible  case,  and  as  all  the  anchor  bolts  for 
the  line  pedestals  are  of  the  same  diameter,  there  is  evidently  sufficient 
strength  in  all  of  said  bolts;  and,  moreover,  there  is  no  great  waste  of 
metal  in  the  anchor  bolts  for  the  shoi'ter  columns.  Again,  on  various 
accounts  one  would  not  think  of  using  bolts  of  much  less  diameter  on 
account  of  possible  future  rust,  especially  as  the  diameter  is  reduced 
at  the  root  of  the  thread. 

The  next  matter  is  whether  the  anchor  bolts  project  far  enough  into 
the  concrete,  as  Mr.  Seaman,  Mr.  Berger  and  others  appear  to  question 
the  propriety  of  not  carrying  them  down  to  the  bottom.  In  the  first 
place  it  must  be  noticed  that  the  mass  of  concrete  is  truly  monolithic; 
and,  as  the  function  of  the  bolts  is  to  make  the  column  and  the  concrete 
act  as  one  piece  in  resisting  overturning,  it  will  suffice  if  the  tensional 
strength  of  the  concrete  at  the  end  of  the  Ijolts  be  as  great  as  that  of  the 
acting  bolts. 

Now  it  must  be  noticed  that  only  one  pair  of  anchor  bolts  can  act 
at  a  time,  and  that  the  ultimate  strength  of  this  pair  is  about  55  000 
lbs.  per  square  inch,  or  194  000  lbs.  The  area  of  the  concrete  at  the 
ends  of  the  bolts  is  49  sq.  ft.,  or,  say,  7  000  sq.  ins.  If  the  tension  be 
distributed  uniformly  over  one-half  of  this  area,  the  intensity  will 
amount  to  less  than  60  lbs. ,  which  is  far  below  the  ultimate  tensile 
sti-ength  of  even  the  jjoorest  concrete. 

Now,  as  to  whether  the  rods  are  long  enough  to  distribute  their 
pull  into  the  concrete,  above  the  anchor  casting,  past  experiments 
prove  that  they  are  amply  so;  but,  even  if  they  are  not,  the  anchor 
plates  will  provide  a  proper  distribution  withoiit  overstraining  the 
concrete. 

It  is,  therefore,  evident  that  there  is  no  necessity  whatsoever  for 
carrying  the  rods  any  lower  than  they  were  carried. 

In  connection  with  the  pedestals  there  remains  but  one  point  to  be 
taken  up,  viz. ,  whether  the  pedestals  themselves  have  weight  enough 
to  resist  the  assumed  overturning  for  which  the  anchor  bolts  were 
proportioned. 
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Mr.  Waddell.  lu  the  worst  case  on  the  Loop,  the  jjoint  of  flexure  in  the  column  of 
Avhich  is  about  20  ft.  above  the  bottom  of  the  concrete,  the  base  of  the 
latter  is  10  ft.  square.  Taking  the  center  of  moments  at  one  edge  of 
the  base,  the  overturning  moment  is  200  000  foot-pounds.  The  total 
vertical  load  on  the  base  is  composed  of  the  40  000  lbs.  of  dead  load 
on  the  column,  the  weight  of  concrete,  which  is  about  66  000  lbs.,  and 
the  weight  of  earth  on  top  of  the  pedestal,  which  amounts  to  about 
36  000  lbs.,  making  a  total  load  of  142  000  lbs. 

If  the  resisting  moment  of  the  weight  is  limited  to  that  existing 
when  the  intensity  of  pressure  at  one  edge  of  the  base  reduces  to  zero, 
the  lever  arm  of  the  resisting  moment  will  be  one-sixth  of  the  width  of 
base,  or  1.666  ft.,  and  the  greatest  resisting  moment  therefore  will 
be  142  000  x  1.666  or  about  236  000  foot-pounds. 

It  is  therefore  evident  that,  even  if  the  earth  about  the  pedestals 
were  not  tamped  in,  the  pedestals  are  large  enough  to  resist  properly 
the  overturning  effect  of  the  assumed  thrust  used  in  proportioning  the 
anchor  bolts. 

As  for  the  pedestals  on  the  Northwestern  Elevated,  the  conditions 
are  quite  different,  the  anchor  bolts,  of  which  there  are  but  two  per 
pedestal,  being  required  primarily  for  the  assumed  transverse  load  of 
600  lbs.  per  foot  of  span.  If  the  length  of  the  latter  is  taken  as  before 
at  50  ft.,  the  total  thrust  is  30  000  lbs,  or  7  500  lbs.  per  pedestal.  The 
greatest  unsupported  length  of  column  is  about  16  ft. ,  and,  as  both 
ends  are  fixed,  the  lever  arm  is  8  ft.,  making  the  overturning  moment 
60  000  foot-pounds.  By  assuming  no  train  on  the  track  of  the  column 
considered,  the  only  load  oh  the  column  will  be  the  dead  load,  which 
amounts  to  about  32  000  lbs. ,  and  as  its  lever-arm  is  7^  ins. ,  the  resist- 
ing moment  wdll  amount  to  20  000  foot-pounds,  making  the  net  over- 
turning moment  40  000  foot-pounds,  or  480  000  inch-pounds,  for  which 
the  lever  arm  is  15  ins. ,  and  therefore  the  stress  on  the  single  rod 
32  000  lbs. ,  or  a  little  over  18  000  lbs.  per  square  inch. 

The  jioint  of  flexure  in  the  column  is  17  ft.  above  the  base  of  the 
pedestal,  thus  making  the  overturning  moment  127  500  foot-pounds. 

The  total  load  on  the  base  of  the  8-ft.  square  pedestal  consists  of 
32  000  lbs.  on  the  column,  the  weight  of  the  concrete,  amoiinting  to 
about  48  000  lbs.,  and  that  of  the  earth  above  the  pedestal,  amounting 
to  about  20  000  lbs.,  making  a  total  load  of  100  000  lbs.,  for  which,  as 
in  the  previous  case,  the  lever  arm  is  one-sixth  of  the  length  of  the 
base,  or  1.333  ft.,  making  the  greatest  righting  moment  133  000  foot- 
poimds,  which  is  a  little  more  than  the  overturning  moment,  showing, 
as  before,  that,  even  if  the  earth  in  the  pits  be  not  tamped,  the  pedestals 
are  of  ample  size  to  resist  properly  the  greatest  overturning  moment 
of  the  assumed  loading. 

It  is  therefore  proved  that  all  the  adverse  criticism  of  the  design  of 
the  i^edestals  on  both  the  Loop  and  the  Northw  estern  Elevated  is  with- 
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out  foundation,  and  that  the  consequent  objections  to  these  designs  Mi-.,W;i(ldelL 
are  purely  imaginary. 

Mr.  Seaman  says,  referring  to  the  New  York  and  Brooklyn  structures: 

"These  elevated  roads,  after  twenty  years  of  service,  under  loads 
exceeding  those  for  which  they  were  designed,  show  no  indication  of 
such  deterioration  as  would  justify  the  jirediction  of  the  author  that 
they  will  eventually  he  reconstructed  because  of  their  faulty  details. " 

Perhaps  Mr.  Seaman  will  change  his  opinion  about  this  after  reading 
Mr.  Hedrick's  i"eport.  If  on  some  of  these  structures  100  rivets  per 
mile  of  double-track  elevated  road  must  be  rej^laced  each  month  by 
reason  of  their  failure  or  working  loose,  as  was  stated  to  Mr.  Hedrick, 
does  it  not  show  that  the  details  are  greatly  overstrained  and  that  the 
structure  is  in  consequence  gradually  wearing  out?  The  author's  ex- 
l^erience  with  ordinary  railroad  bridges  of  antiquated  construction  has 
been  that,  when  such  structures  begin  to  fail  in  details,  they  sooner  or 
later  have  to  be  taken  out  and  replaced,  in  spite  of  all  the  patchwork 
that  may  be  done  on  them. 

Mr.  Seaman  asks  for  the  details  of  the  author's  estimates,  meaning 
probably  the  schedule  prices  adopted.  The  principal  ones  are  as  fol- 
lows: 

Metal  erected  and  painted,  2|  cents  per  pound;  vulcanized  timber 
in  place,  .f  38  per  M. ,  B.  M. ;  rails  with  their  details  and  fastenings  in 
place,  three  80-lb.  rails  per  track,  $1  80  per  lineal  foot  per  track;  con- 
crete, ^7  per  cubic  yard;  and  excavation,  including  back-filling,  50 
cents  per  cubic  yard. 

What  metal  is  saved  in  Design  7  is  required  for  end  stiffeners  and 
cover  plates  for  cross-girders  as  compared  with  Design  6,  thus  making^ 
the  weight  of  metal  per  lineal  foot  the  same  for  both  designs. 

Design  8  is  lighter  than  either  of  these  designs  on  account  of  the- 
greater  simplicity  of  the  horizontal  bracing  resulting  from  the  abut- 
ting of  the  outer  longitudinal  girders  against  the  columns,  notwith- 
standing the  "cross-girder  strains  and  brackets,"  referred  to  by  Mr.. 
Seaman. 

It  would  not  be  feasible  in  such  a  paper  as  this  to  give  every  detail 
of  all  the  estimates  made. 

Answering  Mr.  Bouscaren's  questions,  the  greatest  variation  in 
temperature  was  assumed  to  produce  a  variation  in  length  of  metal- 
work  equal  to  1  in.  per  100  ft. ;  the  wind  load  (or  more  strictly  speak- 
ing the  transverse  horizontal  load)  assumed  was  450  lbs.  per  lineal  foot 
for  the  double-track  structure,  and  600  lbs.  per  lineal  foot  for  the 
four-track  structure;  the  speeds  of  trains  assumed  vai'ied  from  40  to 
20  miles  per  hour  according  to  the  degree  of  the  curvature;  and  all 
curves  are  compounded.  The  intensities  of  working  stresses  adopted 
in  making  the  designs  were  as  follows : 

Flanges  of  longitudinal  plate  girders,  extreme  fiber,  8  000  lbs.,  al- 
lowing one-eighth  of  the  web  to  act  as  a  part  of  each  flange;,  tension 
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Mr.  Waddell.  flanges  of  open-webbed,  riveted  longitiTdinal  girders,  9  000  lbs. ;  com- 
pression flanges  of  same  fpr  combined  bending  and  direct  load,  9  000 
lbs.;  diagonals  of  same,  from  6  000  to  8  000  lbs.,  according  to  the  rel- 
ative dimensions  of  angle  legs;  flanges  of  transverse  girders,  9  000  lbs., 
allowing  one-eighth  of  the  web  to  act  as  a  part  of  each  flange;  columns 

in  compression  only,  12  000  —  45-;  columns  for  combined  direct  loads 

and  bending  of  all  kinds,   including  temperature  effect,  20  000  lbs. , 
where  I  ~  r  does  not  exceed  45. 

Mr.  Horton  points  out  that  the  author's  elevation  of  base  of  rail 
is  21  ft.,  above  the  street.  This  applies  only  to  the  Loop,  where 
various  considerations  necessitate  a  higher  track  level  than  that  of  the 
Northwestern,  for  which  the  height  is  from  18  to  19  ft.  The  height  of 
the  car  floor  was  a  fixed  quantity,  as  it  had  to  be  made  the  same  as  on 
the  other  lines  using  the  Loop. 

Answering  Mr.  Mogensen's  remarks  concerning  a  solid  floor,  the 
author  would  state  that  the  latter  would  not  dispense  with  the  use  of 
timber  ties,  unless  it  involved  great  noise  in  oj^eration;  hence,  Mr. 
Mogensen's  first  claim  will  not  hold. 

As  an  example  of  noisy  operation  in  a  structure  where  there  is  no 
timber  cushion  under  the  rails,  the  Park  Avenue  viaduct  of  the  New 
York  Central  Railroad  may  be  mentioned.  On  this  structure  the  noise 
from  a  passing  train  sounds  like  that  of  an  approaching  tornado. 

If  Mr.  Mogensen  were  to  make  a  complete  design  for  a  structure 
with  a  solid  floor  that  would  be  comparatively  noiseless,  he  would 
probably  find,  as  the  author  has  found,  that  the  extra  cost  would 
amount  to  much  more  than  15  per  cent. 

There  was  an  error  made  in  the  preliminary  edition  of  the  paper 
in  respect  to  the  composition  of  granitoid,  which  has  been  cori*ected. 
Mr.  Stuart's  criticism,  however,  would  now  apply  with  still  greater 
force,  as  the  composition  is  less  rich  in  cement  than  was  stated.  As 
it  was  Mr.  Weston  who  specified  and  put  in  this  granitoid,  the  author 
wrote  him,  sending  a  copy  of  Mr.  Stuart's  remarks,  and  has  received 
the  following  in  reply : 

"Mr.  Stuart's  conclusions  in  respect  to  porosity  of  the  mixture 
which  we  have  used  for  the  pedestal  blocks  on  the  Northwestern  Ele- 
vated railroad  are  erroneous.  The  fact  is  that  the  texture  of  the  fin- 
ished stone  is  very  comisact  and  free  from  voids.  The  mixture,  when 
properly  manipulated,  i^roduces  a  stone  which  resists  perfectly  the 
action  of  frost. 

"We  have  on  the  Northwestern  Elevated  road  several  thousand 
pedestals  made  from  this  mixture.  These  pedestals  have  been  during 
the  past  winter  exjoosed  to  temperatures  of  20  degrees  below  zero.  I 
have  only  recently  examined  personally  nearly  every  jjedestal  on  the 
line,  and  I  failed  to  find  one  among  them  which  gave  any  evidence  of 
deterioration. 

"  As  to  the  strength  of  the  stones  made  from  the  mixture  specified, 
they  are  superior  in  every  respect   to  those  made  from  the  best  lime- 
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stones  mixed  with  sand  and  cement  mortar.  Furthermore,  it  is  the  Mr.  Waddell. 
mixture  in  common  use  in  Chicago  for  the  best  grades  of  cement  side- 
walks and  continuous  curb  and  gutter  construction.  Hundreds  of 
such  walks  and  gutters  can  be  seen  in  jjerfect  condition  after  hav- 
ing resisted  the  elements  and  extraordinary  traffic  for  more  than  ten 
vears. " 

The  author  must  take  issue  with  Mr.  Trocon  concerning  the  fixed- 
ness of  column  feet,  for  he  is  convinced  that  where  four  anchor  bolts 
per  pedestal  are  used  on  his  Chicago  work,  the  columns  and  pedestals 
are  just  as  continuous  as  if  the  former  were  embedded  in  the  latter  to 
any  dejDth. 

The  author  agrees  with  Mr.  Parsons  in  his  preference  for  design 
No.  8.  It  is  the  most  satisfactory  of  all  the  double-track  designs 
figured  upon,  but,  unfortunately,  it  could  not  be  used  on  the  Chicago 
work,  as  all  the  double-track  portion  of  the  structure  is  located  in  the 
street,  where  a  spacing  of  17  ft.  between  centers  of  columns  is  inad- 
missible. 

Mr.  Connor  expresses  his  regret  that  facing  the  end  angles  of  the 
longitudinal  girders  was  not  called  for  in  the  author's  specifications. 
The  specifications  contained  this  clause: 

"  The  ends  of  all  webs  that  abut  against  other  webs  must  be  faced 
true  and  square  or  to  exact  bevel,  and  the  end  stiflfeners  miast  be  placed 
perfectly  flush  with  these  planed  ends,  so  as  to  afford  proper  bearing 
for  the  ends  of  the  attaching  girders. " 

In  order  to  comply  with  these  requirements  the  Union  Bridge  Com- 
pany decided  to  make  the  end  stiflfeners  ^  in.  thick  and  to  plane  the 
ends  of  the  girders  after  the  stiflfeners  were  riveted  on, while  the  Elmira 
Bridge  Company  chose  to  plane  the  webs  first  and  then  put  on  |-in. 
stiflfeners  to  fit  the  j)laned  webs  exactly.  The  latter  company,  how- 
ever, agreed  to  use  thicker  stiflfeners  and  to  rivet  them  on  before  plan- 
ing, in  case  the  inspectors  reported  the  work  to  be  unsatisfactory  when 
done  by  the  method  last  described.  No  comj)laint  on  this  score  has 
as  yet  been  made,  or,  in  truth,  on  account  of  any  other  matter  concern- 
ing shopwork;  and  the  author  feels  that  he  cannot  speak  too  highly 
of  the  character  of  all  the  shopwork  done  thus  far  on  his  Chicago  work 
by  both  the  Union  and  Elmira  Bridge  Companies. 

Mr.  Hodge  seems  to  think  that  the  stating  of  correct  principles  of 
design  for  elevated  railroads  by  the  author  is  suijerfluous;  but  even 
to-day  in  designing  structural  metalwork  these  principles  are  more 
often  honored  in  the  breach  than  in  the  observance.  As  for  "  guess- 
ing "  as  to  the  number  of  extra  rivets  requii'ed  for  a  connection,  when 
the  number  required  theoretically  is  small,  the  author  maintains  that 
two  rivets  do  not  make  a  pi'oper  connection  except  for  lacing,  and  that 
when  the  number  of  rivets  required  by  jsure  theory  comes  out  almost 
exactly  three  or  even  four,  it  is  better  to  add  another  rivet  as  a  matter 
of  precaution. 
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WaddelL  The  author  agrees  with  Mr.  Weston  that,  all  things  considered,  it 
"wonld  have  been  better  to  place  the  toj:*  flanges  of  the  longitudinal 
girdei-s  a  little  above  those  of  the  cross-girders  instead  of  a  little  below. 
The  result  would  certainly  facilitate  laying  the  track,  but  would  require 
a  little  more  metal  and  would  involve  a  somewhat  clumsy  detail  at  the 
junction.  On  the  connection  of  the  Metropolitan  Elevated  to  the 
Union  Loop,  which  connection  was  designed  by  the  author,  such  a  de- 
tail was  adopted  at  the  request  of  the  officers  of  the  Metropolitan  Com- 
pany. In  future  work  the  author  would  not  attempt  to  make  the  toj) 
flanges  of  consecutive  longitudinal  girders  continuous  or  semi-contin- 
uous over  the  cross-girders;  but  would  cut  them  square  off  so  as  to  clear 
the  tojj  flanges  of  the  latter,  upon  which  he  would  place  pieces  of  steel 
buckled  plate  to  receive  the  ties. 

The  author  is  glad  to  see  Mr.  Lindenthal's  remark  about  the  sejjara- 
tion  of  incoming  and  outgoing  jjassengers.  If  he  could  have  his  own 
Avay  on  this  question,  the  author  would  make  this  a  sine  quo  non  in  de- 
signing all  stations  for  elevated  railroads.  The  Northwestern  stations, 
as  he  designed  them,  certainly  provide  for  such  a  sejjaration;  and  it 
is  to  be  hoped  that  they  will  be  built  that  way,  although  there  is  now 
some  talk  of  abandoning  the  exit  stairways. 

Mr.  Lindenthal  has  failed  to  recognize  the  fact  that  there  will  be 
no  side  view  of  the  four-track  portion  of  the  Northwestern  Elevated 
possible  except  at  street  crossings,  and  that  consequently  the  differ- 
ence in  depths  of  longitudinal  girders  at  the  braced  towers  can 
never  be  noticed;  therefore  it  would  have  been  a  needless  piece  of  ex- 
travagance to  make  the  webs  of  the  short  girders  as  deep  as  those  of 
the  long  ones. 

In  respect  to  the  question  of  aesthetics  there  seems  to  be  such  a 
variety  of  opinion  that  the  author  concluded  to  consult  several  archi- 
tects of  established  national  reputation  and  leave  to  them  the  settle- 
ment thereof.  He  therefore  wrote  to  Mr.  Henry  Van  Brunt,  of  the  firm 
of  Van  Brunt  &  Howe,  Kansas  City,  Mo. ;  Mr.  Chas.  A.  Cummings,  of 
Boston,  Mass.,  and  Messrs.  Carrere  &  Hastings,  of  New  York  City, 
asking  them  for  criticisms  of  his  designs. 

Mr.  Van  Brunt  replied  as  follows  : 

"You  have  asked  me  for  a  frank  architectural  criticism  of  your 
proposition  to  decorate  the  construction  of  an  elevated  railroad,  as 
illustrated  in  the  last  pages  of  your  paper  presented  to  the  American 
Society  of  Civil  Engineers  February  17th,  1897.  The  opportunity 
for  the  discussion  of  this  difficult  problem  is  so  rare  that  I  am  disposed 
to  avail  myself  of  it  seriously.  The  relations  between  our  two  profes- 
sions are  growing  closer,  and  it  is  important  that  we  should  understand 
one  another  better. 

"  It  has  been  observed  that  among  semi-barbarous  nations  forms  of 
art  are  developed  from  an  instinctive  conception  of  beauty,  which  has 
free  expression  because  it  is  not  embarrassed  or  sophisticated  in  its 
development  by  the  knowledge  of  other  forms  of  art  indigenous  to 
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other  people  and  resulting  from  other  conditions  of  material  and  use.  >ir.  Waddell 
Thiis,  among  civilized  nations  the  accumulation  and  organization  of 
knowledge,  which  to  every  other  form  of  intellectual  activity  is  a 
stimiilus,  seems  to  have  proved,  at  least  to  some  part  of  the  art  of  the 
19th  century,  a  positive  impediment.  The  cultivation  of  the  mind 
through  the  knowledge  of  past  achievements  has  in  fact  rendered 
the  architect  of  to-day  so  self-conscious,  and  has  supplied  him  with 
such  a  multiplicity  of  conflicting  ideals,  that  his  inherent  creative 
power  is  weakened  and  his  natiaral  initial  force  is  lost  in  a  sort  of  intel- 
lectual timidity  and  vacillation.  With  the  distractions  furnished  by 
his  familiarity  with  history  he  cannot  adjust  himself  to  his  own  envir- 
onment with  the  frankness  and  nairfte  by  which  the  masters  of  classic 
and  mediaeval  times  developed  architectural  style. 

"  In  this  respect  the  modern  engineer  enjoys  a  distinct  advantage 
over  his  brother,  the  modern  architect.  Fortunately  in  the  practice  of 
his  profession  he  is  not  embarrassed  by  these  grave  distinctions,  and 
his  art  has  consequently  progressed  with  the  general  progress  of  the 
century.  But  when,  in  his  bridge  truss  or  his  elevated  railroad,  he 
has  evolved  mathematically  an  economical  structure,  which  commends 
itself  to  his  own  scientific  judgment,  and  to  the  approval  of  those 
whose  capital  he  is  investing  in  a  purely  commercial  undertaking,  and 
finds  at  last  that  the  results  are  an  offence  to  the  aesthetic  instincts  of 
mankind,  the  correction  which  he  attemiats  to  apply  to  satisfy  this 
aesthetic  instinct  subjects  him  immediately  to  the  very  same  em- 
barrassments which  beset  the  path  of  the  architect.  For  almost 
invariably  and  inevitably  this  correction,  as  in  the  present  case,  is  a 
reminiscence  or  tradition  from  an  entirely  different  form  of  structure, 
and  is  applied  too  late  in  the  jn'ocess  of  construction  to  make  good 
art.  In  fact,  the  correction  is  an  afterthought;  it  is  applied  to  a  com- 
pleted fabric,  and  forces  it  to  assume  an  aspect  which  is  not  a  har- 
monious develoj^ment  of  its  essential  structure,  but  a  concession  to  an 
arbitrary  and  conventional  idea  of  beauty  or  grace. 

"  True  architecture  is  construction  carried  to  the  highest  point  of 
development  without  the  necessary  addition  of  any  elements  foreign 
to  its  own  conditions  of  stability  and  strength.  Structure  cannot  be 
elevated  into  the  domain  of  art  merely  by  the  application  of  orna- 
ments. Ornament  is  contributory  to  a  work  of  art  and  not  essential 
to  it.  A  Cistercian  abbey  has  no  ornament,  but  its  rank  as  a  work  of 
art  is  as  high  as  that  of  a  Clunisiau  abbey  which  abounds  in  the 
richest  decorative  accessories.  Certainly  the  true  function  of  orna- 
ment is  not  to  conceal  or  obscure  construction,  but  to  illustrate  it. 

"  I  very  highly  appreciate  the  motive  which  has  prompted  your 
attempt  at  decorated  construction,  and  I  recognize  the  ingenuity  with 
which  you  have  tried  to  solve  this  most  difficult  of  all  problems  in 
design,  but  I  beg  to  call  your  attention  to  the  fact  that  this  most 
praiseworthy  effort  would  never  have  restilted  as  it  has  in  your  care- 
ful drawings  if  your  mind  had  not  been  pre-occupied  by  the  agreeable 
effect  of  the  construction  of  a  stone  bridge.  It  is  evident,  however, 
that,  executed,  the  phenomena  of  perspective  would  destroy  this  re- 
semblance to  this  conventional  type,  and  substitute  some  more  or  less 
unexpected  and  not  entirely  agreeable  effects.  It  seems  to  me  appar- 
ent, moreover,  that  the  important  arch  form  given  to  the  longitudinal 
web  is  not  an  evolution  from  its  essential  structure,  but  is  imposed 
upon  it  for  the  satisfaction  of  an  ideal  of  grace;  that  the  form  of  the 
brackets  supporting  the  overhanging  footway  conceals,  and  certainly 
does  not  illustrate,  the  member  which  actuallv  does  the  work;  that  the 
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Mr.  Wadclell.  capitals  and  base  moliliugs  of  the  siii)portinj>;  piers  are  imposed  upon 
a  structure  with  which  the^^  have  no  sympathy,  and  are  a  reminiscence 
of  forms  invented  for  an  entirely  ditt'eront  material;  and  that  the 
decorated  entablature  is  merely  a  thin  screen  which  does  not  suggest 
the  structure  which  it  masks,  but  recalls  a  structure  of  a  very  different 
sort,  and  is  therefore  with  its  moldings  and  panels  simply  a  conven- 
tional and  purely  arbitrary  symbol  intended  to  agreeably  beguile  the 
spectator.  You  have  done  what  a  very  large  proportion  of  men  in  my 
own  profession  would  have  done,  if  called  upon  to  make  your  com- 
pleted construction  more  attractive  to  the  eye,  but  all  this  decoration 
is  applied  and  not  inherent.  It  does  not  illustrate  the  essential  and 
jieculiar  nature  of  the  fabric  and  is  not  a  part  of  it.  Therefore, 
according  to  ethics  of  design,  however  agreeable  and  interesting  to 
the  eye,  it  is  really  a  costly  and  ingenious  deception  and  is  not  true 
art. 

"If  the  structure  without  such  masks  is  ungainly  and  uncompro- 
mising, the  remedy  to  be  sought  for  by  the  engineer  should,  it  seems 
to  me,  be  limited  to  bringing  together  the  various  members  of  a 
perfectly  mathematical  and  economical  construction  with  as  much 
elegance  of  line  and  precision  and  finish  of  workmanship  as  he  can  jsos- 
sibly  command.  If  he  can  use  ornament,  let  him  so  use  it  as  to  illus- 
trate the  construction  and  not  to  conceal  or  weaken  it.  It  is  the 
misfortune  of  the  engineer  that  he  is  dealing  with  a  strictly  mechani- 
cal problem,  and  is  therefore  constrained  to  use  materials  and  methods 
which  have  as  yet  never  been  developed  m  the  direction  of  that  more 
perfect  union  which  really  constitutes  the  essential  qualities  of  grace 
and  beauty.  I  venture  the  proposition  that,  following  the  analogy  of 
nature  in  the  evolution  of  natural  forms,  no  consti'uction  which  is 
coarse  or  ugly  can  be  perfect  construction,  and  that  the  reasonable 
gratification  of  the  educated  eye  must  be  the  measure  of  such  perfec- 
tion. 

"Centuries  of  experiment  and  study  have  been  bestowed  upoji 
constriictions  in  stone,  baked  clay,  and  wood,  and  certain  ideals  of 
beauty  and  fitness  have  been  thereby  developed  suitable  for  such  con- 
structions. But  the  attempt  to  apply  such  ideals  to  constructions  in 
iron  or  steel  must  result  in  error.  The  form  which  is  beautiful  and 
fit  for  the  old  materials  will  not  necessarily  be  beautiful  or  fit  for  the 
new  materials.  Time  and  rejieated  experiments  must  determine  the 
character  of  the  new  ideals  by  which  we  are  to  measure  and  judge  the 
final  perfection  which  apparently  we  have  not  yet  reached  in  this  de- 
partment of  human  endeavor. 

"  We  have  all  of  us,  architects  and  engineers  alike,  repeatedly  com- 
mitted the  same  faults  which  are  evident  in  the  interesting  example 
which  you  represent.  Therefore,  the  critic  must  present  his  strict- 
ures with  becoming  humility.  I  have  simply  stated  the  truth  as  I 
understand  it,  and  I  am  very  sure  that  your  intelligence  will  receive 
it  in  good  part. " 

Mr.  Cummings'  letter  was  as  follows  : 

"I  find  the  questions  which  you  ask  me  rather  difficult  to  answer 
categorically.  I  quite  agree  with  you  that  as  a  rule  the  engineering 
structures  which  we  are  accustomed  to  see  are  imsightly  and  often 
hideous.  I  have  in  mind,  at  this  moment,  certain  iron  bridges  in  my 
own  city,  in  prominent  and  most  conspicuous  positions,  which  are  an 
offense  to  the  eye  and  to  the  taste  of  thousands,  so  aggravated  that  I 
Tiave  often  thought  that  every  structure  of  the  kind  ought  to  be  sub- 
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mitted  to  a  competent  commission  for    approval  or  rejection  before  Mr.  WaddelL 
being  carried  into  execution. 

"  Certainly  an  elevated  railroad  is  generally  an  extreme  instance  of 
deformity,  and  every  attempt  to  ameliorate  its  ugliness  deserves  to  be 
welcomed  and  conimended. 

"Yet,  if  I  am  to  speak  frankly  of  the  design  concerning  which  you 
have  asked  my  opinion,  I  must  say  that  I  do  not  feel  that  you  have 
treated  the  subject  in  the  best  way.  Your  design  would  certainly  con- 
ceal the  rough  features  of  the  iron  construction — the  girders,  the 
Z-bars,  the  struts,  the  rivet  heads  and  the  like — but  the  concealment 
is  effected  by  covering  them  with  an  imitation  of  the  forms  of  an  archi- 
tectural construction  in  stone,  of  which  the  decoration  is  drawn  from 
classic  examples.  It  is  hei'e  that  I  conceive  you  to  be  working  on  a 
wrong  theory. 

"  I  do  not  believe  in  borrowing  architectural  forms  and  applying 
them  to  the  service  of  an  engineering  construction.  I  have  never  seen 
an  instance  where  such  an  application  seemed  to  me  successful ;  and 
fortunately  such  a  violation  of  the  principles  of  decoration  is  not 
necessary.  Every  species  of  construction  is  capable  of  being  made 
comely  if  not  actually  beautiful,  without  any  concealment  or  denial 
of  its  materials  or  its  methods.  If  the  great  engineering  structures 
have  so  far  failed  to  bear  out  this  assertion,  it  is  because  the  engineers 
in  the  first  instance,  and  in  the  second  those  for  whom  their  structures 
are  designed,  have  not  yet  felt  the  importance  of  making  them  attrac- 
tive to  the  eye. 

"It  would  perhajss  be  asking  too  much  of  a  profession  whose 
work  is  of  so  strenuous  and  practical  a  cast  as  that  of  the  engineer  that 
he  shall  receive  the  training  of  an  architect  in  design,  but  I  think  it 
not  only  entirely  practicable,  but  entirely  desirable  and  important  that 
our  schools  of  engineering  should  take  some  account  of  the  possibility 
of  so  treating  a  problem  of  construction,  whether  of  steel  or  stone,  as  to 
remove  as  far  as  may  be  done  the  reproach  of  ugliness  and  coarseness 
from  the  great  structures  which  are  one  of  the  most  conspicuous  and 
most  characteristic  features  of  our  later  civilization." 

Messrs.  Carrere  and  Hastings  wrote: 

"We  beg  to  acknowledge  the  receipt  of  your  letter  of  April  20th, 
with  which  you  sent  us  extracts  from  a  discussion  on  a  paper  which 
you  read,  treating  of  elevated  railroads,  and  in  which  you  ask  for  an 
expression  of  opinion. 

"  We  feel  very  much  complimented  at  being  asked  to  advise  you 
in  this  matter,  treating,  as  it  does,  a  subject  which  has  always  inter- 
ested us  very  much. 

"In  general,  engineering  works  do  not  aim  at  beauty,  and  we 
think  that  this  is  always  a  great  misfortime — whether  the  work  be 
imijortant,  as  in  the  case  of  a  municipal  bridge,  or  whether  it  be 
trifling,  as  in  the  case  of  small  railroad  bridges.  Any  engineering- 
work  is  a  spot  in  the  landscape,  or  in  the  city,  which  has  either  a  good 
or  bad  influence  on  the  general  ajjpearance  of  the  panorama,  and  upon 
its  enjoyment. 

"  The  fact  that  the  first  aim  of  every  work  of  engineering  is  prac- 
tical, that  the  essential  qualities  are  strength,  simplicity,  and  economy 
of  cost  and  of  operation,  lead  many  very  able  engineers  to  the  conclu- 
sion that  they  fail  in  these  qualities  in  the  degree  in  which  they  may 
be  artistic;  and  for  this  reason  many  of  them  are  not  only  indift'erent, 
but  are  opposed  to  having  their  work  beautiful.     This  is  probably  due 
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Mr,  Waddeil.  to  a  misapprehension  on  their  part  of  the  elements  required  to  make 
such  a  work  beautiful,  and  perhaps  also,  to  the  fact  that  the  usual  way 
of  attempting  this  solution  is  so  often  irrational,  and  seldom,  if  ever, 
siiccessful. 

"It  is,  of  course,  a  very  desirable  thing  to  consult  a  skilled  archi- 
tect as  to  matters  of  detail,  such  as  ornamentation,  the  railing  of  a 
bridge,  candelabras  and  other  small  details,  which,  if  successfully  de- 
signed, may  add  to  the  general  interest  of  the  bridge;  but  no  amount 
of  ornamentation  can  possibly  add  artistic  interest  to  an  engineering 
work  unless  the  conception  itself  is  artistic.  In  fact,  ornament  should 
be  used  very  sparingly,  and  in  an  entirely  subordinate  manner. 

"We  believe  that  the  great  difficulty  is  due  to  the  fact  that  engi- 
neers, not  having  been  trained  m  matters  of  art,  do  not  conceive  or 
plan  their  structures  artistically.  They  should  seek  the  advice  of  the 
skilled  architect  at  the  very  start,  so  that  the  entire  work  may  be 
designed  and  constructed  on  artistic  lines,  which  may  even  make  the 
use  of  ornament  absolutely  unnecessary,  or  may  make  it  of  so  little 
importance  that  it  may  be  almost  bad,  and  the  structure  still  be 
beautiful. 

"  An  iron  structure,  be  it  bridge,  elevated  railway  or  other,  must 
be  perfectly  simple  and  rational  in  its  construction;  the  material  must 
always  be  used  so  as  to  express  its  individual  character,  and  not  try, 
either  in  its  arrangement,  proportions,  or  details,  to  assume  to  repre- 
sent the  use,  proportions,  or  forms  of  another  material;  the  columns 
should  be  only  as  big  as  necessary  to  carry  the  weight;  the  beams  or 
girders  only  as  big  as  necessary  for  the  spans;  and  the  ornamenta- 
tion should  be  so  designed  as  to  be  characteristic  of  the  material  and 
of  the  process  through  which  it  is  obtained,  whether  cast,  wrought  or 
otherwise. 

"  In  the  case  of  an  elevated  railway,  the  conception  is  inartistic,  as 
well  as  irrational.  There  is  no  logical  or  artistic  reason  for  encumber- 
ing a  street  or  avenue,  or  other  highway,  with  a  purely  utilitarian 
structure  such  as  an  elevated  railway.  It  destroys  the  outlook  and 
the  light,  and  in  every  possible  way  the  enjoyment  of  the  street  or 
abutting  property,  as  also  the  original  purpose  of  the  street;  and  it 
has  no  vdison  cVt^tre,  excepting  either  the  rapacity  of  the  corporation 
which  occupies  the  street  in  preference  to  buying  its  right  of  way,  or 
perhaps  the  necessity  for  having  it  there  as  the  lesser  of  two  evils, 
whether  ugly  or  not,  where  the  right-of-way  is  not  otherwise  obtain- 
able. 

"The  thing,  therefore,  that  makes  an  elevated  railway  inartistic 
is  the  very  concei^tion  of  the  idea,  and  not  the  execution  of  it.  We  do 
not  believe  that  it  would  be  judicious  to  have,  as  it  were,  a  structure 
decorated  throughout;  but  whatever  is  done  to  make  an  elevated  rail- 
way more  sightly  will  have  to  be  accomplished  by  designing  it  in  the 
simplest  and  most  straightforward  way,  so  that  the  purely  utilitarian 
portion  of  it  will  seem  as  natural,  simple  and  graceful  as  jjossible,  and 
in  contrast  to  the  purely  utilitarian  mass  of  the  structure,  by  devoting 
some  attention  to  the  frequently  occurring  stations,  and,  where  possible, 
by  breaking  the  monotony  by  an  artistic  treatment,  such  as  a  viaduct, 
or  the  introduction  of  masonry  or  other  features  which  may  lend  inter- 
est to  these  particular  spots. 

"  We  sincerely  hope  that  you  will  succeed  in  convincing  your  fellow 
engineers  that  they  have  just  as  much  need  of  the  co-operation  of  the 
skilled  architect  in  all  of  their  work  of  this  character,  as  has  the 
skilled  architect  of  the  co-operation  of  the  engineer  in  his  work.     As 


COEKESPONDENCE    ON    ELEVATED    RAILROADS.  495 

botli  works,  that  of  the  engineer  and  that  of  the  architect,  partake  both  Mr.  Waddell. 
of  the  useful,  the  true  and  the  beautiful,  it  seems  indispensable  that 
there  should  be  co-operation  between  the  architect  and  the  engineer 
and  between  the  engineer  and  the  architect,  as  the  case  may  be." 

As  the  opinions  of  the  three  architectural  authorities  referred  to  are 
■entirely  in  accord  on  the  question  submitted,  there  is  nothing  for  the 
author  to  do  but  acquiesce  gi'acefully  in  their  decision  and  acknowledge 
that  his  design  for  "  an  elevated  railroad  for  a  large  city  where  expense 
is  no  object  and  where  appearance  is  the  great  desideratum  "  is  not  a 
success,  but  a  violation  of  true  art. 

Far,  however,  from  regretting  that  he  introduced  the  design  as 
a  conclusion  to  his  pajjer,  the  author  is  very  glad  indeed  that  he 
thought  of  so  doing,  for  the  reason  that  the  remarks  of  the  architec- 
tural authorities  just  quoted  may  have  the  effect  of  inducing  engineers 
•engaged  in  the  designing  of  structural  metalwork  to  pay  in  futiire 
more  attention  to  the  imiJortant  question  of  architectural  effect  in  their 
constructions. 

The  author  desires  to  exj^ress  here  his  hearty  thanks  to  Messrs. 
Van  Brunt,  Cummings,  and  Carrere  and  Hastings  for  their  courtesy  in 
complying  with  his  request  to  decide  this  question  of  aesthetics. 

As  Mr.  Van  Brunt  points  out,  steel  construction  is  a  modern  innova- 
tion, and  consequently  no  attention  worth  mentioning  has  yet  been 
paid  to  the  development  of  artistic  features  in  its  designing,  for  engi- 
neers have  been  influ.enced  mainly  by  utilitarian  and  economic  motives. 
If  the  old  ideals  of  grace  and  beauty  that  pertain  to  constructions  in 
wood  and  stone  are  inapplicable  to  steel,  it  is  now  in  order  to  establish 
new  ideals  that  will  apply  thereto;  and,  as  engineers  in  general  have 
been  too  devoted  to  utility  and  economy  to  train  themselves  in  the 
artistic,  it  would  be  eminently  proper  for  some  architect,  who  is  posted 
in  the  designing  of  metalwork  and  cognizant  of  the  fundamental 
principles  which  guide  the  structural  engineer  in  his  designs,  and  who 
is  an  authority  upon  aesthetics  in  his  own  line  of  construction,  to  make 
a  special  study  of  the  subject  of  the  architectural  features  of  steel 
bridges,  viadvicts  and  elevated  railroads,  then  write  for  the  American 
Society  of  Civil  Engineers  an  exhaustive  paper  thereon,  from  which 
and  from  the  subsequent  discussions  could  be  established  j)rincii)les 
governing  from  an  artistic  point  of  view  the  designing  of  all  classes  of 
steel  structures. 

'In  bringing  this  7-esume  to  a  close,  it  is  proj^er  for  the  author  to 
point  out  in  what  particulars  he  would  change  his  plans  and  sijecifica- 
tions  for  the  Chicago  elevated  railroads  in  view  of  the  criticisms 
made  in  the  discussions,  were  the  said  plans  and  specifications  to  be  re- 
drawn. 

First. — He  would  reduce  the  ultimate  strength  for  basic  medium 
steel  2  000  or  perhaps  even  3  000  lbs. 
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Mr.  Waddeil.  Second. — He  Avoiild  lase  carbon  primer  as  the  first  coat  of  paint,  and 
would  endeavor  to  have  it  applied  at  the  mills  before  the  metal  could 
be  exposed  to  the  weather. 

Third. — He  would  consider  very  carefully  and  thoroughly  the  ques- 
tion of  the  advisability  of  omitting  on  tangents  either  the  outer  or  the 
inner  guard  rails. 

Fourth. — He  would  raise  the  top  flanges  of  the  longitudinal  girders, 
about  4  ins.  above  those  of  the  cross-girders,  and  block  up  on  the  latter 
with  buckled  plates  to  receive  the  ties. 

Appendix. — Data  Relating  to  Vulcanized  Timber. 

"  New  Yokk,  April  4th,  1895. 
' '  Editor  Railway  World  : 

"  Dear  Sir,— A  year  or  so  ago  much  attention  was  given  by  railway 
journals,  people  who  have  to  do  with  maintenance  of  way,  and  in- 
ventors, to  the  matter  of  ties  for  the  road-bed.  Columns  in  papers 
and  many  pamphlets  were  filled  Avith  articles  on  metal  and  glass  ties. 
Little  or  no  attention  was  bestowed  on  the  jjlain  every-day  timber 
which  has  always  been  with  us. 

' '  Recently  nothing  has  been  said  of  would-be  substitute  ties.  Is 
this  caused  by  the  failure  of  the  experiments  with  the  substitutes,  or 
is  it  that  better  results  have  been  obtained  from  the  timber? 

"I  am  inclined  to  the  latter  belief,  and  in  support  of  the  same 
offer  the  experience  we  have  had  with  track  timber  on  the  Manhattan 
elevated  system  in  New  York  City. 

"When  constructed,  the  elevated  roads  were  equipped  with  5-in.  x 
6-in.  X  8-ft.  yellow  pine  ties  planed  on  all  sides.  The  timber  was  of 
the  best  quality  obtainable.  It  was  not  long  before  we  discovered  the 
ties  suffering  from  decay.  To  the  surface  railroad  man  this  may 
appear  strange,  considering  that  our  ties  are  laid  on  iron  girders.  We 
have,  however,  many  jjeculiar  conditions  to  confront,  and  the  cost  of 
tie  renewals  was  a  very  serious  item  of  expense. 

"To  find  a  remedy  for  this  and  reduce  what  was  beginning  to  be 
an  immense  mainteuance-of-way  charge,  many  i^reservative  i^rocesses 
were  tried,  but  none  seemed  to  do  the  work  until  vulcanizing  the 
timber  was  used.  This  process  was  first  tried  ten  years  ago,  when 
we  put  in  two  sections  of  6-in.  x  8-in.  x  8-ft.  ties;  one  section  of 
vulcanized  timber  and  the  other  section  of  untreated  material.  It 
was  not  a  great  while  until  decay  began  on  the  untreated  ties, 
while  those  vulcanized  are  still  in  sei-vice  as  good  as  when  first 
laid.     *     *     * 

"Respectfully  yours, 

"  (Signed)         R.  Black,  Roadmaster." 

The  following  are  extracts  from  a  report  which  is  certified  to  by 
the  same  Mr.  Black  : 

"Agreeable  to  appointment,  Messrs.  F.  Holbein,  F.  M.  Grum- 
bacher  and  Daniel  Meyers  met  Mr.  R.  Black,  roadmaster  of  the  Man- 
hattan Railway,  at  his  headquarters  at  South  Ferry  station,  on  May 
3d,  at  1  o'clock. 

"  Mr.  Black,  who  has  been  with  the  road  since  1869,  called  atten- 
tion to  half  a  tie,  not  vulcanized,  that  had  been  in  use  five  years. 
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That  portion  of  the  tie  where  the  rail  had  laid,  and  where  iron  bolts  Mr.  Waddeli. 

had  been  used,  was  very  badly  decayed,  but  the  space  between  the 

rails  showed  no  signs  of  decay.     Mr.  Black  stated  that  vulcanized 

wood  was  not  in  the  least  affected  by  contact  with  the  rail  or  bolts  or 

metal  surface,  but  that  it  seems  j^roof  against  indentation  by  wear 

and  friction,  or  pounding  of  the  rail. 

' '  The  party  was  then  conducted  over  the  line  of  the  Third  Avenue 
Elevated,  in  order  to  be  shown  a  comparison  between  vulcanized  and 
iinvulcanized  wood  in  actual  use  on  the  structure.  The  first  stop  was 
at  Chatham  Square  Station,  where  special  attention  was  called  to  the 
condition  of  the  natural  yellow  pine  laid  in  1886  on  both  City  Hall  and 
South  Ferry  branches.  It  was  very  much  decayed  and  some  portions 
so  soft  that  it  could  be  pierced  with  the  end  of  an  umbrella.  It  was 
a  very  rainy  day  and  the  timber  was  thoroughly  soaked.  This  timber, 
Mr.  Black  remarked,  was  being  replaced  as  rapidly  as  possible  with 
vulcanized  wood. 

"  Our  second  stop  was  at  the  Grand  Street  Station,  where  vulcan- 
ized ties  and  guard  rails  laid  in  1883  were  examined.  This  vulcanized 
timber  was  found  in  as  sound  condition  as  when  first  laid.  Mr.  Black 
called  attention  especially  to  guard  rails  which  he  had  bolted  together 
in  1883,  the  inside  rail  vulcanized  and  the  outside  rail  not  vulcanized, 
in  order  to  have  both  subject  to  jirecisely  the  same  conditions  in  every 
particular,  and  to  afford  opportunity  for  comparison  in  later  years. 
The  vulcanized  was  as  sound  as  when  laid.  The  part  not  vulcanized 
was  in  a  decayed,  punky  condition.  Attention  was  called  to  the  vul- 
canized flooring  on  the  station  platform.  He  stated  that  they  formerly 
used  tongued  and  grooved  lumber,  biit  now  they  used  vulcanized  slat- 
ting without  tongue  or  groove,  as  it  kept  its  place  without  warping  or 
shrinking,  although  exposed  to  cold,  rain  and  sun. 

"  The  next  examination  was  at  One  Hundred  and  Sixteenth  Street. 
Ties  not  vulcanized,  which  were  laid  five  years  ago,  were  all  being 
removed  because  of  their  decayed  condition,  and  were  being  replaced 
by  vulcanized  ties. " 
********** 

"  Mr.  Black  stated  that  about  four  and  one-half  miles  of  creosoted 
ties  were  now  in  use  on  the  suburban  branch  and  called  attention  to 
the  soft,  spongy  character  of  creosoted  wood,  that  the  iron  plates  sup- 
porting the  ties  were  deeply  imbedded  in  the  wood,  and  that  it  was 
difficult  to  keep  the  spikes  in  place,  especially  on  curves.  Extra  ap- 
pliances had  been  used  to  keep  the  rail  in  place.  He  also  stated  that 
during  the  hot  season,  when  the  temperature  changed  during  the  day 
from  40°  to  95°  Fahrenheit,  causing  expansion  of  the  rail,  spikes  near 
the  center  of  the  rail  would  be  lifted  out  of  place  from  creosoted  ties. 
He  also  stated  that  these  ties  were  of  yellow  pine  and  the  very  best 
quality  of  creosoting,  but  that  their  exi^erience  was  such  that  no  more 
creosoted  timber  would  be  used,  as  vulcanized  timber  gave  much  better 
satisfaction;  besides  it  does  not  affect  the  hands  and  faces  of  the  work- 
men who  handle  it  as  creosoted  timber  does." 

The  following  is  a  copy  of  a  letter  directed  to  Colonel  S.  E.  Haskin, 

under  date  of  March  1st,  1889: 

"  In  replying  to  your  enquiries  as  to  the  life  of  the  cross-ties  and 
planking  which  has  been  treated  by  the  vulcanizing  process,  which  we 
placed  on  the  structure  six  years  ago  this  month,  I  have  to  say,  timber 
is  sound  and  the  surface  of  the  ties  and  planking  very  hard. 
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Mr.  WaddelL  "There  are  no  indications  of  decay  at  the  end  of  those  planks 
which  were  vulcanized,  while  the  planks  not  treated  and  placed  on  the 
structure  about  the  same  time  are  decayed  at  the  ends,  or  where  they 
are  nailed  to  the  supporting  timbers. 

"lam  inclined  to  think  the  process  of  vulcanizing  will  soon  be 
ioiind  to  be  the  best  way  of  preserving  timber. 

Very  respectfully  yours, 
(Signed)         Rob't  I.  Sloan,  Chief  Engineer." 

The  following  is  a  copy  of  a  letter  to  the  Haskin  Wood  Vulcanizing 
Company,  under  date  of  March  28th,  1891: 

"In  replying  to  your  enquiry  regarding  my  opinion  upon  your 
process  of  vulcanizing  for  the  purpose  of  preserving  wood  from  decay, 
etc.,  and  especially  with  reference  to  the  yellow  pine  railroad  ties, 
which  were  treated  by  your  company's  process,  and  laid  in  the  tracks 
of  the  switchyard  of  this  company  in  the  spring  of  1884,  having  been 
in  constant  use  and  exposed  to  the  full  action  of  the  elements,  and 
subjected  to  extraordinary  wear  and  tear,  I  have  to  say  that,  on  the 
6th  day  of  March,  1891,  I  had  two  of  said  ties  taken  up  for  the  jjur- 
pose  of  making  an  examination  of  their  condition,  and  was  much  sur- 
prised to  find  them  in  a  perfect  state  of  preservation,  and  practically 
as  good  as  new  ties,  so  far  as  wear  was  concerned,  the  spikes  having 
held  firmly,  as  they  were  originally  driven. 

"  During  my  experience  in  the  railroad  business  of  over  forty  years, 
during  which  time  I  have  used  all  kinds  of  timber  in  railroad  work, 
and  have  tried  the  various  kinds  of  treatment  for  the  preservation  of 
timber  from  decay,  I  am  free  to  state  that  I  have  never  foimd  any 
method  that  has  shown  such  a  satisfactoi'v  result;  and  I  believe  your 
process  of  vulcanizing  will  increase  the  durability  of  timber  at  least  50 
jjer  cent. 

"The  remaining  ties,  which  were  treated  by  your  company's  pro- 
cess, are  in  the  same  place  as  they  were  first  laid,  and  from  present 
indications  they  seem  good  for  seven  years'  more  service. 

"  In  conclusion,  I  would  say  that  I  think  it  would  be  to  the  interest 
of  any  company  using  timber,  which  is  exposed  to  the  elements,  to  at 
least  give  tlais  process  a  trial,  as  they  could  not  fail  to  be  convinced  of 
its  efiectiveness. 

Yours  respectfully, 
(Signed)         Rob't  White,  Supervisor  of  Tracks  and  Repairs.'' 

Mr.  White  wrote  also  to  the  same  parties,  under  date  of  April  6th, 
1891,  as  follows: 

' '  Replying  to  your  question  as  to  the  life  of  yellow  pine  ties,  will 
say  that,  when  used  in  the  switchyard  of  this  company,  in  their 
natural  state,  and  exposed  to  the  full  action  of  the  elements,  they  last, 
on  an  average,  three  years,  during  which  time  they  have  to  be  turned. 

"  The  ties  treated  by  your  company's  process  of  vulcanizing,  and 
which  were  laid  in  the  tracks  of  this  yard  in  the  spring  of  1884,  are 
perfectly  sound,  and  have  not  been  turned  or  respiked  since  they  wei'e 
laid." 

The  following  is  the  resume  of  a  report  to  Colonel  Samuel  E.  Haskin, 
under  date  of  November  26th,  1894,  by  Mr.  Alfred  P.  Trautwein,  who 
liad  made  a  series  of  comparative  tests  on  vulcanized  and  untreated 
yellow  pine  timber  on  the  testing  machines  of  the  Stevens  Institute, 
JHoboken. 
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"  These  experiments  show  the  following  average  results.  Mr.  Waddell. 

"  Modulus  of  riipture  :    Untreated  wood 10  762 

Vulcanized    "    13  098 

elasticity:    Untreated      "     877  098 

"      ^       Vulcanized    "     1054  941 

"  These  experiments,  of  course,  were  not  numerous  enough  to  de- 
termine exactly  how  much  yulcanizing  affects  the  wood,  but  they 
establish  the  general  fact  that  so  far  from  weakening  the  wood,  the 
process  of  '  vulcanizing  '  seems  to  strengthen  it  ;  the  modulus  of  rup- 
ture by  transverse  stress  being  21  per  cent,  higher.  The  crushing 
strength  was  increased  23  per  cent. 

The  author  has  been  informed  that  the  Hon.  B.  F.  Tracy,  ex-Sec- 
retary of  the  Navy,  with  a  view  of  adopting  vulcanized  wood  in  naval 
construction,  appointed  a  special  committee  which  visited  the  vulcan- 
izing works  in  New  York,  and,  after  an  exhaustive  investigation,  re- 
j)orted  that  vulcanizing  increases  the  strength  and  durability  of 
timber,  and  recommended  that  vulcanized  yellow  pine  be  used  for 
backing  in  one  of  the  monitors.  Their  tests  showed  that  vulcanizing 
increases  the  strength  of  yellow  pine  18%",  and  decreases  the  deflec- 
tion over  13  per  cent. 

The  following  is  a  copy  of  a  report  to  Mr.  A.  Bevier,  General  Mana- 
ger New  York  Wood  Vulcanizing  Company,  by  J.  A.  Deghuee,  Ph.  D. , 
Chief  Chemist  of  the  Pure  Food  Department  of  New  York  City,  lander 
date  of  January  29th,  1897  : 

"  As  to  the  result  of  the  various  tests  made  of  your  vulcanizing 
process  ;  in  order  to  condense  it  I  will  confine  it  to  samples  A  and 
X.  This  will  show  you  all  the  practical  conditions  of  the  changes 
brought  about  by  your  process. 

"The  piece  of  wood  A  was  just  twice  the  size  originally  of  the 
piece  I  returned  to  you.  The  other  half  was  cut  up  into  fine  shavings 
and  the  extractive  matter  dissolved  out  by  cold  ether,  the  contents 
being  in  bottle  A.  This  piece  of  wood  had  been  vulcanized  by  your 
process. 

"  Block  marked  X,  untreated  yellow  pine,  was  also  cut  up  and  the 
extractive  matter  dissolved  out  by  cold  ether,  contents  being  in  bottle 
marked  X.  This  block  was  also  twice  the  size  originally  of  the  piece 
returned  to  you. 

' '  The  vulcanized  extract  in  bottle  A  shows  a  mixture  of  resinous 
acids,  together  with  a  number  of  bodies  similar  to  those  in  wood  tar 
creosote,  all  of  which  have  strongly  antiseptic  i^roperties. 

"By  your  process  nothing  escapes  but  the  free  water.  The 
amount  that  can  be  extracted  from  the  wood  will  vary  in  keeping  with 
the  character  of  it,  i.  e.,  from  a  rich,  resinous  wood  more  can  be  ex- 
tracted than  from  a  lean  porous  wood.  You  will  extract  as  much 
from  vulcanized  wood  as  can  be  extracted  from  unti-eated  wood, 
nothing  escaping  in  the  process  except  water,  and  the  amount  will 
vary  with  the  original  condition  of  the  wood.  I  do  not  believe  that 
the  strength  of  the  wood  is  impaired  in  the  least  by  your  treatment ; 
but  on  the  contrary,  the  diffusion  of  the  resins  and  other  liquefiable 
matters  throughout  the  wood,  thereby  adhering  to  the  fiber,  would 
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Mr.  Waddell.  have  a  tendency  to  solidify  the  contents  and  increase  the  strength. 
However,  this  is  a  mechanical  question  which  can  be  determined  by 
tests  at  Columbia  College  and  Stevens  Institute,  where  they  have  ap- 
paratus for  making  such  tests. 

"  Besides  the  changing  of  the  extractive  matters  into  an  antiseptic, 
you  also  coagulate  the  albumen,  which  has  a  tendency  to  seal  up  the 
pores. 

"  There  is  another  benefit  by  yoiir  process  which  I  think  equally  as 
■  important  as  the  creating  of  an  antiseptic  and  the  coagulation  of  the 
albumen,  and  that  is  sterilizing  the  wood;  and  there  is  no  doubt  in  my 
mind  that  from  the  amount  of  heat  used,  this  is  thoroughly  done.  In 
all  wood  there  is  living  matter  carried  throughout  it  by  the  flow  of  sap; 
either  living  matter  or  spores  which  produce  the  same.  This  hatching, 
as  you  may  term  it,  is  brought  about  by  heat  and  moisture  and 
develops  the  spores  into  mould  which  eats  the  wood  and  produces 
what  is  known  as  dry  rot.  Decay  is  due  to  living  matter  and  in  order 
to  produce  decay  in  your  process,  the  living  matter  will  have  to  enter 
from  the  outside. 

"By  the  creosoting  process  in  some  cases  resin  is  mixed  with  the 
creosote  to  jarevent  solubility,  and  by  your  process  I  consider  that  you 
are  accomplishing  the  same  result.  Your  process  also  produces  the 
same  results  to  the  very  heart  of  the  wood  as  are  produced  upon  the 
surface.  If  the  timber  was  of  the  quality  of  sample  A,  in  my  ojainion 
you  would  create  from  190  to  200  lbs.  of  antiseptic  matter  to  a  thou- 
sand feet  board  measure.  I  an-ive  at  this  conclusion  from  your  state- 
ment that  the  average  weight  of  yellow  pine,  such  as  samjile  A,  is 
about  4  000  lbs.  to  a  thousand  feet  board  measure.  The  condition  of  the 
wood  in  your  treatment  would  not  be  changed  by  the  separating  or 
splitting  of  the  timber,  as  the  treatment  goes  throughout,  thereby 
leaving  no  exposed  surface." 

The  author  regrets  the  necessity  for  occui^ying  so  much  of  his 
resume  with  testimonials  as  to  the  merits  of  vulcanized  timber;  but,  as 
Mr.  Belknap  has  asked  for  such  data  and  tests,  he  cannot  well  avoid 
giving  them. 
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By  Andreas  Lundteigen,  Esq. 
Pkesented  Apkil  7th,  1897. 


WITH  DISCUSSION. 

A  number  of  years  ago  the  Society  of  German  Portland  Cement 
Manufacturers  published  an  article  claiming  that  good  Portland 
cement  could  not  be  improved  by  admixtures.  It  seems  likely  that 
the  purpose  of  that  article  must  have  been  to  counteract  any  endeavor 
by  dishonest  men  to  add  poor  admixtures,  and  thus  lower  the  reputa- 
tion of  German  Portland  cement,  which  then  had  begun  to  invade  the 
markets  of  the  world.  It  is  also  possible  that  experiments  with  many 
cements  made  before  that  time  would  not  show"  the  advantage  of  fine 
silicious  admixtures,  as  well  as  the  present  high-limed  and  high-test- 
ing cements.  Besides  it  may  also  be  that  both  good  and  valueless 
admixtures  were  treated  under  one  head,  and  therefore  condemned. 

It  is  worth  mentioning  that  although  the  use  of  hydraulic  mortars 
is  very  old,  and  a  thorough  knowledge  of  the  natu.re  of  setting  and 
hardening  is  very  important,  it    was  not  until  recently  that  much 
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liad  been  done  in  this  line.  Whenever  failures  in  concrete  works 
were  reported,  they  were  attributed  either  to  poor  workmanship  in 
the  construction  or  to  bad  cement,  while  in  reality  neither  was  the 
cause.  A  cement  was  regarded  bad  when  it  contained,  through  care- 
less manufacture,  too  much  free  lime,  magnesia  or  sulphuric  acid. 
The  harmful  effect  of  free  lime  has  always  been  well  enough  known, 
but  there  is  at  the  present  day,  with  improved  machinery  and  methods 
of  manufacture,  no  excuse  for  such  free  lime,  and  it  is  not  often  met 
with  in  practice.  An  amount  of  magnesia  above  li%  was  long  regarded 
dangerous,  and  even  to-day  there  are  many  specifications  calling  for  a 
cement  with  less  than  2%  magnesia.  The  German  manufacturers,  to 
whom  this  magnesia  question  has  been  of  most  importance,  have  dis- 
cussed it  in  their  meetings  and  in  their  paj^ers  for  a  long  time.  The 
result  is  that  to-day  'd%  of  magnesia  in  Portland  cement  is  thought 
harmless,  and  many  claim  that  even  5%  ought  to  be  allowed.  It  seems 
to  the  author  that  this  difference  of  opinion  has  resulted  not  so  much 
frqm  the  different  amounts  of  magnesia  in  the  cement  as  from  the  ex- 
cess, more  or  less,  of  basic  constituents,  such  as  lime,  magnesia  and 
alkalies.  Sulphuric  acid  has  been  considered  harmless  in  Portland 
cement  only  to  the  amount  of  1  to  1 J  per  cent.  A  closer  investigation 
of  the  effect  of  sulphates  in  concrete  was  first  made  by  Messrs.  Erd- 
menger,  Candlot  and  Michaelis.*  The  results  are,  in  short,  that  the 
amounts  of  alumina  play  an  important  part,  and  that  it  is  of  material 
difference  whether  the  sulphates  are  added  before  or  after  burning. 
If  they  are  intimately  mixed  with  the  raw  materials  a  considerable 
quantity  may  not  only  be  allowed  in  the  cement,  but  is  beneficial. 

The  author  does  not  believe  that  consumers  run  much  risk  from 
any  of  the  previously  mentioned  causes  of  faulty  cements,  because  there 
are  very  few  cements  that  contain  an  excess  of  free  lime,  magnesia  or 
sulphuric  acid,  and  if  such  should  be  the  case,  ordinary  tests  in  cold 
water  would  in  a  few  days  show  the  bad  effects  of  sulphates,  a  simple 
analysis  would  give  the  amount  of  magnesia,  and  a  28  days'  cold-water 
test  or  a  few  days  in  hot  water  would  show  the  free  lime.  The  prin- 
cipal danger  in  concrete  construction  has  nothingto  do  with  the  above- 
mentioned  causes,  but  comes  from  using  high-grade,  well-manufactured 
cements,  in  which  an  extreme  fineness  in  the  grinding  of  raw  materials 

*  See  Thonindustrie  Zeitung,  1891,  p.  925;  and  Candlot's  work,  entitled  "  Cements  et  Chaux 
Hydrauliquee,"  1891,  pp.  243,  263. 
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and  of  tlie  tinishecl  products  together  with  a  uniform,  hard  burning, 
enables  the  manufacturers  to  increase  the  amount  of  the  basic  elements 
to  a  maximum  without  getting  an  appreciable  amount  of  free  lime. 
Such  a  cement  will,  in  a  short  time,  obtain  a  very  high  degree  of 
strength  and  give  excellent  satisfaction  wherever  used  in  air  or  away 
from  the  continual  action  of  water.  For  such  work  it  may  take  more 
sand  and  make  a  more  durable  concrete  than  the  old-fashioned  low- 
limed  and  coarsely  ground  cements.  It  is  different,  however,  where 
the  concrete  is  to  be  used  under  water,  be  it  fresh  or  salt.  Then  high- 
limed,  high-grade  cements  will  not  only  prove  inferior  but  dangerous, 
especially  if  the  water  is  rich  in  sulphates,  J  as  shown  in  Table  No.  1. 

TABLE   No.  1. — Tensile  Strength. 
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<s 

797 
803 
730 
752 
795 

853 

884 
912 

831 

£ 

854 
956 
h5M 
813 

774t; 

970 

955 
923 

835 

^1 

13 

133 

108 
80 
90 
71 

62 

59 
40 

32 

00  g> 

^-a 

160 

173 
114 
119 
117 

113 

108 
96 

105 

.a 

a 

249 
192 
131 
172 
151 

219 

218 
197 

200 

263 

143* 

128 

151* 

154 

233 

256 
216 

226 

a 

Good. 

:;S 

Surface 

scalpd 

cff 

Good 

Loose 
from 
glass 
Good. 

1.0 
1.0 
4.0 
6.5 
2  5 

L.O 

6.0 
5.0 

4  0 

185* 

6 

non* 

c 

103* 

d 

19* 
107* 

f. 

ia+ 

a 

266 

h ::::. 

i 

194 
93« 

I 

*  These  briquettes  were  cracked  very  much. 
t      "  "  "  "        at  the  corners. 

Each  of  the  tests  in  this  table,  with  the  excejJtion  of  those  for  two 
years,  is  an  average  of  five  breakings.  The  two-year  tests  in  this  table 
and  all  the  tests  given  in  the  remaining  tables  are  each  an  average  of 
three  breakings.  In  order  to  make  comparison  easier,  decimals  have 
been  omitted.  The  same  sand  was  used  for  all  the  tests;  it  was  passed 
through  a  16-mesh  and  retained  on  a  20- mesh  sieve.  All  briquettes 
were  made  by  hand,  and  such  amounts  of  water  used  as  would  give 
the  best  results  with  each  individual  cement. 

The  water  used,  both  for  gauging  and  immersion,  was  well  water, 
containing  in  one  liter : 

tSee  also  Thonind.  Zeitg.,  1896,  No.  25;  article  by  Dr.  Stutzer. 
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CaSOi,  1.0214  grams. 
Mg  8  04,0.2238       " 
NaCl,       0.1515       " 

Samples  a,  h  and  e  were  German  Portland  cement,  c  was  Belgian, 
and  (i  English;/,  g,  h  and  i  were  samples  of  an  American  Portland 
cement.  Samples  e  and  i  had  been  kept  in  the  laboratory  about  18 
mouths,  and  were  somewhat  himpv ;  the  others  seemed  comparatively 
fresh  and  in  the  best  condition. 

It  becomes  api^areat  from  an  inspection  of  the  sand  tests  in  Table 
No.  1,  that  those  briquettes  which  broke  the  highest  in  a  short  time 
fared  worst  in  the  long  run,  and  analysis  shows  that  those  cements  con- 
tain more  basic  elements,  lime  and  magnesia,  in  proportion  to  acid 
elements,  silica,  alumina  and  oxide  of  iron,  than  the  other  samples. 

It  has  long  been  evident  to  the  author  that  under  the  hardening  of 
cement  mortar  a  part  of  the  lime  is  continually  set  free  or  separated 
from  its  molecular  combination  with  silica,  alumina  or  iron;  in  other 
words,  these  last  substances  are  able  to  combine  with  more  lime 
and  magnesia  in  a  dehydrated  state  in  the  kilns  than  in  a  hydrated 
state  in  the  mortar.  Dr.  Michaelis*  finds  that  about  33%'  of  the  hy- 
drate of  lime  in  the  average  Portland  cement  is  set  free  and  will  seek 
other  material  to  combine  with.  If  reached  by  the  air  it  wdll  take  up 
carbonic  acid  and  form  a  carbonate,  which  does  not  injure  the  con- 
crete; in  pure  water  it  will  be  washed  away  in  the  water,  and  the  con- 
crete will  be  left  more  porous  and  weaker;  in  sea- water,  or  water  con- 
taining mineral  salts,  these  salts  will  combine  with  the  calcium  hy- 
drate and  form  voluminous  double  salts,  which  will  swell  and  destroy 
the  concrete.  Mr.  Gerhart  Herfeldt  discusses  this  same  subject,  and 
shows,  like  Dr.  Michaelis,  how  Portland  cement  can  be  improved  by 
admixture  of  trass,  but  his  tests  cover  somewhat  too  short  a  time  to 
show  the  advantages  of  the  admixture  fully. 

The  author  has  often  noticed  that  unwashed  sand  would  give  better 
tests  than  well  washed  and  cleaned  sand,  and  he  can  account  for  it 
only  in  this  way,  that  the  fine-clay  substance  in  the  sand  is  able  to 
combine  with  the  liberated  lime-hydrate  in  the  cement.  It  was  this 
circumstance  which  first  gave  him  the  idea  of  improving  concrete  by 
adding  a  certain  quantity  of  fine  silicious  materials  ;  and  experiments 

*Inau  excellent  article  entitled  "Das  Verhalten  cles  hydraulischen  Bindemittel  zum 
Meerwasser,"  published  in  Verhandlungen  des  Vereins  zur  Beforderung  des  Gewerhfleissei, 
1896,  No8.  6  and  7. 
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made  subsequently  more  than  satisfies  liim  of  the  correctness  of  his  first 
supposition.  Out  of  many  tests,  more  or  less  systematically  carried 
on,  the  results  of  a  few,  which  agree  in  everything  with  the  others,  are 
given  in  Tables  Nos.  2  and  3. 

TABLE  No.  2. 


7  days 

28    ••    

6  months 
11      " 

2  years 


Neat 
cement. 


419 
564 

847 
950 


1  part  cement. 
3  parts  sand, 
water  12°^. 


77 
136 
264 
298 


1  part  cement. 
1  part  sil. 
a  parts  sand, 
water  14,V. 


33 
100 
341 
470 
682 


TABLE  No.  3. 


Neat  cement. 

1     cement. 
2.5  sand. 

water  12;j' 

1  cement. 
1  sil. 
5  sand, 
water  12.8% 

7  days 

28    ■•     

685 
911 
917 

89 
163 
252 
254 

40 
125 

314 

11        "       

374 

Table  No.  4  shows  the  compression  tests  in  pounds  per  square  inch. 
TABLE  No.  4. — Compkessive  Strength,  Pounds  Per   Square    Inch. 


German  Portland  Cement. 

American  Pobtland  Cement. 

1  cement. 
4  sand. 

1  cement. 
1  sil. 
8  sand. 

1  cement. 
4  sand. 

1  cement. 
Isil. 
8  sand. 

445 

776 

1047 

306 

836 

218 
441 
700 
901 
1518 

more  than 
2  03C* 

282 

603 

945 

1091 

1403 

1846 

167 

28     •'     

320 

80     "     

568 

805 

12        "       

1409 

1  day  in  air  . .   

36  days  "  cold  water 

10  "  "  boiler  with  press-  ■ 
ure  between  20  | 
and  90  lbs J 

1  804 

•The testing  machine  could  break  only  as  high  as  2  030  lbs. 
Table  No.  5  shows  the  results  of  varying  proportions  of  cement  and 
silicious  material.     Cement  A  is  American,  and  cement  O  is  German, 
the  same  as  a  in  Table  No.  1. 
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TABLE    No.    5. — Results    of    Vakying    the    Proportions    of    the 

Ingbedients. 


H 

z 

i  4 
eo  1-1 

H 
» 

Id 

rH  tH 

is 

ll 

H 
z 

OODCO 

CTr-(  0> 

OMCO 
rtrt  to 

1  Cement 
2SiL. 
9  Sand. 

A. 

G. 

A. 

^. 

G. 

A. 

X, 

ffi 

^. 

^  2 

(?., 

A. 

7  days 

4b4 
601 

666 
800 

233 

284 

96 
154 

147 
243 

42 
84 

129 
183 
248 
293 
366 
*436 

185 
223 
215 
294 
287 
*287 

55 
115 

181 
256 
414 

27 

92 

151 

213 

422 

*292 

52 

Too  poor 

28     "     

92         '7« 

80     "     

131 

218 

415 

*305 

141 

6  months 

513 
683 

373 
546 

504 
613 

262 
474 

175 

12        "       

882 

891 

404 

*  1  day  in  air;  10  days  in  cold  water;  10  days  in  boiler  with  a  pressure  between  20  and  90 
lbs.  per  Inch. 

Fig.  1  shows  A^,  Grj,  A.^  and  G.2  graphically. 

WINTER  MONTHS  SUMMER  MONTHS 
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Ftg.  1. 

Such  are  the  author's  results  invariably  ^\■ii:\l  silieious  admixtures 
with  Portland  cements.  What  in  the  above  exi^eriments  is  called 
sil  is  a  volcanic  ash  found  in  great  quantities  in  Nebraska,  Colorado, 
and  other  jilaces.  Its  chemical  composition  is  very  similar  to  that  of 
Santorin  earth  from  Greece  and  trass  from  Germany.  The  analysis  of 
the  sample  used  for  most  of  his  experiments  he  found  to  be: 

Silica 71 .78 

Titanic  acid 0 .  80 

Alumina 12 .  71 

Oxide  of  iron 2 .  29 

Magnesia 0 .  35 

Lime 1.01 

Water  of  composition 4 .  52 

Alkalies  (by  difference) 6 .  54 

100.00 
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The  composition  varies,  however,  in  the  diflferent  localities  and  pos- 
sibly at  difierent  depths  in  each  deposit.  Dr.  Erdmenger  found  in  a 
sample  sent  him  from  another  locality : 

Silica 74 .  28 

Alumina  and  oxide  of  iron 13 .  80 

Magnesia Trace. 

Lime 0 .  09 

Oxide  of  sodium 1 .  87 

"         potassium 3 .  90 

Loss  by  ignition 4 .  50 

Undetermined  re  sidue 1.23 

99.67 

Such  ashes  as  contain  the  most  chemically  bound  water  are  con- 
sidered best  for  cement  admixtures,  although  the  author  believes  that 
in  a  long  run  there  will  not  be  much  diflference. 

As  a  rule  such,  ashes  are  found  in  layers  from  5  to  10  ft.  deep,  but 
the  author  is  told  that  in  Colorado  much  thicker  layers  are  found.  In 
the  banks  it  is  somewhat  moist  and  can  be  shoveled  out  easily; 
when  dry,  part  of  it  will  be  lumpy,  especially  the  more  impure  varie- 
ties. Squeezed  out,  it  will  have  less  than  1%  residue  on  a  100-mesh 
sieve.  The  color  is  either  gray  or  white,  the  gray  being  the  cleanest, 
but  coarsest.  It  is  believed  to  originate  from  volcanic  eruption;  being 
carried  by  the  wind,  it  would  settle  in  small  quiet  lakes,  which  would 
fill  up,  solidify  and  afterwards  be  covered  with  dirt. 

Such  volcanic  ashes  and  similar  material,  like  trass  and  pozzolana, 
have  been  used  with  hydraulic  limes  for  water  mortars  far  back  in  his- 
tory; thus  Smeaton  used  them  in  the  Eddystone  Lighthouse  in  1756-59. 
The  author  does  not  know,  however,  that  they  have  been  used  to  any 
extent  with  Portland  cement. 

Where  such  ashes,  trass  or  pozzolana  cannot  be  had  at  a  reasonable 
price,  other  materials  may  be  used.  Waste  products  from  alum  fac- 
tories and  certain  silicious  slags  are  said  to  give  very  good  results. 
Certain  kinds  of  clay  and  sand  when  ground  extremely  fine  will  also 
give  good  satisfaction.  It  is  the  author's  experience  that  sand  and 
cement  ground  together  (sand  cement)  will  give  higher  tests  in  a  short 
time  than  when  the  cement  and  sand  are  ground  separately  and  mixed 
afterwards,  but  in  a  long-time  test  it  does  not  seem  to  make  any  differ- 
ence.    How  powerful  such  fine  silicious  material  is  in  combining  with 
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free  lime  cau  best  be  seen  by  adding  increasing  amounts  of  unslacked 
or  partially  slacked  lime  to  Portland  cement,  and  then  making  bri- 
quettes with  and  without  the  silicious  admixture.  Table  No.  6  con- 
tains results  of  such  tests,  and  Fig.  2  is  a  diagram  of  the  same  data. 
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TABLE  No.  6. 


7  days, 

28     ' 

60  ' 
180  ' 
330     • 


1  cement. 
0.5  partially  slacked  lime. 
1  sand. 


154 

88 

Fallen  to  pieces. 


1  cement.  1  cement. 

0.5  partially  slacked  lime,  i  0.2  partially  slacked  lime. 
8  sand.  |      6  sand. 

1    il.  1  sil. 

V 


38 

64 

37 

132 

168 


41 
107 
174 
435 
492 


It  is  here  specially  interesting  to  study  the  middle  column  of  the 
tests,  fi.  It  will  be  seen  that  while  the  destructive  force  of  the  free 
lime  makes  itself  more  and  more  prominent  in  the  first  60  days,  in 
which  time  the  briquettes  in  column  a  are  entirely  destroyed,  the  bri- 
quettes column  in  /i,  while  weakened  somewhat,  are  able  to  regain 
strength  and  act  like  sound  concrete,  showing  that  the  expansive  force 
of  the  lime  has  been  overcome.  Column  y  shows  a  steady  and  uni- 
form increase,  which  indicates  the  perfect  soundness  of  the  concrete 
from  the  start. 
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DISCUSSION. 


Geobge  W.  TrLLSON,  M.  Am.  Soc.  C.  E.— The  author  states  that  all  Mr.  Tiiison. 
briquettes  for  the  tests  summarized  in  Table  No.  1  were  made  by  hand, 
and  such  amounts  of  water  used  as  would  give  the  best  results 
with  each  individual  cement.  While  engineers  usually  specify  the 
maximum  amount  of  water  to  be  used  in  making  briquettes,  generally 
from  105*0  to  15°o  >  according  as  the  cements  are  tested  neat  or  with  sand, 
it  is  a  fact  that  diiferent  cements  require  different  amounts  of  water  m 
order  to  bring  out  the  full  strength  of  each  brand.  It  is  perfectly 
well  known,  however,  that  it  is  impossible  to  prevent  workmen  from 
using  an  excess  of  water,  no  matter  how  careful  the  inspection  may 
be.  In  making  tests  of  cement  for  any  jiarticular  work,  the  conditions 
should  be  nearly  or  quite  the  same  as  those  under  wliich  the  cement 
will  be  used,  or  each  cement  should  be  handled  so  as  to  bring  out  its 
maximum  strength.  It  is  unfair  to  classify  cements  according  to  the 
amount  of  water  used  in  testing,  when  proportionately  greater  amounts 
may  be  used  in  the  work.  Hence  the  action  of  the  author  in  using 
the  amount  of  water  which  each  brand  of  cement  requires  is  ijarticii- 
larly  commendable. 

It  will  be  seen  in  Table  No.  1  that  the  greatest  strength  developed 
by  any  cement  in  the  two-year  neat  tests  was  970  lbs.,  while  the  same 
cement  mixed  with  sand  gave  but  184  lbs.  at  the  expiration  of  the 
same  period,  the  loAvest  result  of  any  of  the  samples  which  were  per- 
fect and  almost  the  lowest  of  all  those  tested.  The  last  sample  in  the 
table,  which  showed  a  low  neat  strength  at  the  end  of  two  years,  had 
the  second  highest  strength  in  the  mortar  at  the  end  of  that  time. 
Experiments  of  a  somewhat  similar  character  were  made  by  the 
speaker  in  a  western  city  in  order  to  establish  a  standard  of  the  vari- 
ous cements  used  there.  Soon  after  the  tests  were  begun,  the  Board 
of  Public  Works  and  the  speaker  rejected  for  the  coming  year  certain 
cements  which  had  been  used  previously,  and  adopted  others.  The 
agents  of  the  rejected  brands  appealed  to  the  Common  Council,  and 
the  latter  began  an  investigation.  The  briquettes  for  the  tests  which 
were  in  progress  at  the  time  were  made  with  such  variable  propor- 
tions of  water  as  the  tester  had  found  adaijted  to  bring  out  the  greatest 
strength  of  each  brand.  The  investigation  began  at  the  time  of  the 
breaking  of  briquettes  ninety  days  old.  The  neat  tests  indicated 
that  the  rejected  cements  were  stronger  than  those  brands  which 
were  retained,  and  that  their  strength  was  increasing,  but  the  mortar 
tests  proved  that  the  rejected  cements  were  inferior  when  mixed  with 
sand  and  decreasing  steadily  in  strength.  Subsequent  experience  with 
actual  work  confirmed  the  course  taken  in  the  matter  and  the  result  of 
the  tests.  It  is  evident  that  neat  tests  of  unknown  brands  of  cement 
are  of  doubtful  utility  in  determining  their  actual  value. 
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Mr.  Goldmark.  Henry  Goldmark,  M.  Am.  Soc.  C.  E. — The  subject  of  cement  speci- 
fications, particularly  the  simplification  of  such  specifications,  is  very 
important.  In  building  bridge  abutments  and  other  concrete  masses 
in  which  great  strength  was  unnecessary,  in  the  Rocky  Mountain  re- 
gion, the  speaker  had  to  obtain  his  cement  from  San  Francisco.  It 
was  carried  by  water  to  that  port,  and  then  shipjjed  by  rail  about  1 000 
miles  to  its  destination.  The  matter  of  tests  was  important,  because 
the  cement  could  not  be  tested  at  the  seaboard,  and  it  was  necessary 
to  await  its  arrival  on  the  work  before  examining  it.  The  rejection 
of  many  carloads  after  such  a  long  haul  was  a  serious  matter;  fortu- 
nately the  careful  tests  which  were  made  gave  good  results.  It 
required  much  consideration  to  determine  on  the  course  to  be  followed 
in  case  the  results  were  not  exactly  in  accord  with  the  specifications,  and 
it  appeared  wise  to  limit  the  orders  to  a  few  well-known  brands  which 
the  engineers  connected  with  the  work  had  found  entirely  satisfactory 
and  reliable  after  an  experience  of  a  number  of  years.  It  was  found 
advantageous  to  retain  in  the  concrete  rock  the  small  fragments  of 
stone  usually  screened  out;  the  material  was  of  course  well  cleaned. 

During  the  progress  of  the  work  some  slag  cements  were  sent  to  the 
engineers.  Tests  made  with  them  indicated  that  they  have  a  greater 
strength  at  the  end  of  seven  days  than  would  be  expected,  but  the  in- 
crease in  strength  from  seven  to  twenty-eight  days  was  very  small,  and 
finally  seemed  to  cease,  and  the  sti'ength  to  decrease,  if  anything.  The 
speaker  did  not  care  to  speak  jiositively  about  this  matter,  as  he  was 
present  during  the  beginning  of  the  tests  only. 
Mr.  Lesley.  R-  W.  Lesley,  Assoc.  Am.  Soc.  C.  E. — The  paper  alludes  to  the 
danger  of  using  high-limed  Portland  cements  in  salt  water,  and  the 
necessity  of  adding  a  silicious  material  to  the  cement  in  order  to 
enable  it  to  resist  such  water.  While  Aspdin's  patent  on  Portland 
cement  was  taken  out  in  England  in  1824,  it  was  not  until  about  1840 
that  the  manufacture  became  commercially  successful  there.  This 
was  followed  by  other  works  established  in  Germany  and  in  Belgium 
a  few  years  later.  All  of  the  original  Portland  cements  were  made 
with  moderate  percentages  of  lime,  as  compared  with  the  percentages 
of  silica  and  alumina,  and  for  many  years  the  manufacturers  continued 
to  produce  cement  in  a  perfectly  safe  manner,  in  order  to  ob\-iate  any 
danger  that  might  arise  from  an  excess  of  lime.  Up  to  the  time  of  the 
construction  of  the  London  main  drainage  works,  the  first  undertak- 
ing in  which  great  quantities  of  Portland  cement  were  used,  most 
requirements  were  satisfied  by  moderate  results  of  neat  tests  made 
after  seven  days,  and  the  two  papers  of  Mr.  John  Grant,*  show  that 
with  these  moderate  tests,  excellent  results  were  obtained  up  to  very 
long  periods. 

For  a  number  of  years  the  manufacture  of  cement  went  on  in  the 

*  See  Proceedings  of  the  Institution  of  Civil  Engineers,  Vol.  xxv,  p.  66;  Vol.  xxxii,  p.  266. 
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line  indicated  by  tlie  tests  of  Mr.  Grant,  but  within  the  past  ten  Mr.  Lesley. 
years  the  requirements  have  been  gradually  changing,  the  tendency 
being  to  increase  the  fineness  of  the  product  on  the  one  hand,  and  to 
increase  the  tensile  strength  of  the  neat  cement  at  the  end  of  seven 
days  on  the  other  hand.  These  two  things,  from  the  manufacturers' 
as  well  as  from  the  engineers'  point  of  view,  are  absolutely  irrecon- 
cilable. The  same  Portland  cement  clinker,  taken  from  the  kiln  and 
ground  to  a  fineness  of  QO/jJ"  on  a  10  000-mesh  sieve,  will  give  a  lower 
tensile  strain  in  neat  tests  at  seven  days  than  if  ground  to  a  fineness 
of  75%  to  80%  on  the  same  sieve.  The  obvious  result  of  the  tendency 
toward  specifications  requiring  on  the  one  hand  very  great  fineness 
and  requiring  on  the  other  hand  very  great  tensile  strength  in  neat  tests, 
has  been  to  lead  the  producers  of  cement  toward  the  danger  line,  so  far 
as  the  ultimate  safety  of  the  product  is  concerned.  In  order  to  ac- 
complish the  desired  result  indicated  by  the  divergent  elements  of 
these  latter  specifications,  the  proportion  of  lime  in  the  cement  was 
increased  3%  or  4%",  a  process  just  as  simi^le  as  adding  more  clay  to  the 
material  to  run  it  up  in  the  elements  of  silica  and  alumina,  and  cost- 
ing the  manufacturer  no  more.  The  cement  was  then  ground  very 
fine  and  passed  all  the  specified  tests.  Meanwhile,  however,  specifica- 
tions were  still  being  raised,  and  the  irreconcilable  elements  of  seven- 
day  neat  tests  and  extraordinary  fine  grinding  still  further  increased. 
This  entailed  still  higher  lime,  and  the  discovery  was  made  that  this 
overlimed  Portland  cement  would  sometimes  crack  at  short  periods, 
and  sometimes  go  to  pieces  at  long  periods.  To  meet  this  condition 
of  affairs,  which  certain  engineers  alleged  ordinary  cold-water  tests 
were  unable  to  detect,  many  new  tests  were  proposed,  such  as  boiling, 
hot  water,  hot  air,  steaming  and  other  similar  violent  methods,  which 
it  was  claimed  would  discover  the  presence  of  an  excess  of  free  lime. 
Then  the  manufacturers  were  forced  to  devise  some  method  of  satisfy- 
ing these  three  conflicting  requirements.  Gypsum  or  sulphate  of 
lime  in  its  crude  or  calcined  condition  is  about  as  cheap  as  most  of 
the  materials,  which,  in  the  ordinary  course  of  manufacture,  ought  to 
enter  into  cement,  and  it  was  soon  found  that  when  a  small  joercent- 
age  of  this  material  was  added  to  the  cement  after  calcination,  that 
the  fineness,  the  high  seven-day  neat  test,  and  the  boiling  test  could 
be  easily  met,  and  by  tables  which  the  speaker  had  occasion  to  refer 
to  before  this  Society  some  years  ago,*  it  was  shown  distinctly  that 
every  cement  which  was  high  in  sulphuric  acid  and  high  in  lime, 
passed  the  boiling  tests  and  the  other  requirements  of  the  high  specifi- 
cations. The  outcome  is  that  a  man  as  distinguished  as  Dr.  Michaelis, 
in  his  recent  writing  on  the  subject,  finds  that  cements  laid  in  sea  water 
prior  to  the  increase  in  neat  tests  stood  and  are  still  standing  without  a 
complaint  against  them.     Of  late  years,  however,  there  has  been  the 

*  See  Transactions,  Vol.  xxxii,  p.  333. 
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Mr.  Lesley,  faihire  of  the  Aberdeen  Docks,  as  well  as  similar  failures  of  sea  works 
laid  in  Portland  cement,  to  which  he  refers.  In  reply  to  Dr.  Michaelis, 
the  German  Society  of  Poi-tland  Cement  Manufacturers  cites  in  support 
of  the  fact  that  Portland  cement  does  endure  in  salt  water,  works  laid 
as  far  back  as  1840,  whei-e  the  character  of  the  cement  was  very  diflfer- 
ent  from  the  character  of  the  Portland  cement  made  to  meet  the  ab- 
normally high  neat  specifications  of  the  present  day. 

Bi'oadly  sjaeaking,  therefore,  the  recent  failures  of  Portland  cement 
in  salt  water  were  due  to  no  defect  in  cement  unknown  to  the  men  who 
first  made  the  material,  but  were  due  to  recent  specifications  and  re- 
quirements absolutely  beyond  any  strain  that  would  be  put  upon 
cement.  The  results  of  the  work  executed  in  sea  water  within  the  last 
ten  years  and  criticised  by  Dr.  Michaelis  are  precisely  those  which  the 
people  who  have  interest  in  the  successful  manufacture,  introduction 
and  use  of  Portland  cement  for  all  kinds  and  all  character  of  work  are 
compelled  to  disown  absolutely. 

The  high  and  conflicting  requirements  have,  to  the  speaker's  mind, 
produced  a  condition  of  disease,  and  it  would  seem  to  him  that  had  the 
author  proposed  a  return  to  old  methods  of  manufacture,  old  modes 
and  kinds  of  tests,  and  to  the  old  and  well-established  landmarks,  he 
would  have  accomplished  a  more  jjermanent  result  than  by  temporiz- 
ing with  the  matter  by  adding  sil  or  other  infusorial  earth  to  overcome 
a  condition  that  should  never  have  existed. 

Trass,  as  proposed  by  Dr.  Michaelis,  and  sil,  as  suggested  by  the 
author,  are  not  the  only  materials  which,  when  ground  with  cement  or 
mixed  with  it  in  a  powdered  condition,  improve  it  and  increase  its  tem- 
porary strength.  At  Malta,  a  series  of  tests  by  British  army  engineers 
show  the  addition  of  ground  limestone  to  give  better  results  than 
ground  granite,  and  at  Lafayette  College  some  recent  experiments  by 
students  there  show  similar  results  by  the  addition  of  fine  screened 
dolomitic  limestone  to  concrete.  In  these  last  experiments  it  was  also 
indicated  that  in  making  concrete  without  separating  the  dolomitic 
limestone  screenings  from  the  broken  stone,  the  concrete  was  stronger 
than  when  sand,  clean  stone  and  cement  were  mixed  together. 

The  author  states  that  he  mixes  the  silicious  matei'ial,  stone  and 
cement  with  14^  of  water.  The  silicious  material,  commonly  called 
infusorial  earth,  has  the  following  composition: 

Soluble  silica 7-5.97^ 

Alumina 2..'d7% 

Some  experiments  were  made  by  Frederick  H.  Lewis,  M.  Am.  Soc.  C. 
E. ,  with  this  material,  and  the  following  results  were  obtained. 

When  dry,  300^  of  water  is  needed  to  mix  it  neat.  When  mixed 
100  cement  to  40  infusorial  earth,  the  mixture  takes  100^  of  water  to 
make  briquettes,  while  the  ordinary  Portland  cement  takes  only  22% 
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of  water.     When  mixed,  100  cement  to  40  infusorial  earth  to  420  sand,  Mr.  Lesley. 
30  parts  of  water  are  required. 

Tensile 
Weight.  strength. 

Neat  cement  mixture 160  grams.  650  pounds. 

Cement,  100;  infusorial  earth,  40..     62      "  52 

3  Sand  to  1  cement 138      "  240 

42   Sand,    10   cement,    4  infusorial 

earth 108      "  40*      " 

The  result  of  this  would  indicate  that  if  infusorial  earth  was 
u.sed  and  represents  the  sil  referred  to  by  the  author,  his  percentages 
of  Avater  differ  materially  from  those  obtained  by  Mr.  Lewis. 

The  main  point  that  the  speaker  desired  to  make  in  summing  up  is 
that  if  manufacturers  were  not  forced  to  meet  very  high  and  conflict- 
ing requirements,  engineers  would  use  the  same  grade  of  cement  that 
has  won  the  confidence  of  everybody,  and  led  people  to  consider  con- 
crete as  good  as  stone,  it  would  be  a  much  simpler  matter  to  continue 
furnishing  the  same  cement,  and  retain  its  high  character,  than  it  is 
under  some  of  the  more  recent  specifications. 

Large  quantities  of  slag  cement,  mentioned  by  Mr.  Goldmark,  were 
made  in  Germany  about  1885.  Investigations  of  the  process  and  the 
product  in  this  country  had  much  the  same  results  as  he  mentioned;  the 
results  of  long-time  tests  were  failures.  A  United  States  Consular  Re- 
portf  states  that  out  of  about  fifty  slag  cement  works  in  Germany  in 
1890,  only  two  were  then  in  operation,  from  which  fact  the  growth  of  the 
industry  in  America  can  be  predicted.  The  chemical  difficulty  of  the 
process  is  the  presence  of  sulphides  in  slags,  and  until  some  reliable 
method  of  dealing  with  them  is  devised,  no  good  uniform  slag  cement 
will  be  made.  The  practical  difficiilty  is  that  no  one  making  first-class 
iron  or  steel  will  lay  much  weight  on  the  kind  of  slag  he  is  turning  out, 
and  Portland  cement  is  too  important  in  its  uses  to  be  dependent  for 
its  manufacture  upon  the  production  of  a  uniform  by-product  of  an- 
other industry. 

*  Seven  days. 

t  DatedJuly  3d.  1895. 
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CORRESPONDENCE. 


Mr.  Maclay.  W.  W.  Maclay,  M.  Soc  C.  E. — The  paper  does  not  make  out  a  case 
against  using  high-grade  Portland  cements,  which  of  late  years  have 
come  so  much  into  favor.  The  question  of  mixing  various  materials 
with  Portland  cements,  both  for  the  purpose  of  cheapening  and  also  of 
improving  them,  is  quite  an  old  one,  as  the  paper  states,  and  has  been 
much  agitated,  both  in  this  country  and  abroad;  but  up  to  the  present 
time,  as  the  German  manufacturers  very  justly  claim,  no  commercial 
substance  has  been  discovered,  which,  mixed  with  Portland  cement, 
improves  its  strength,  both  in  air  and  in  water.  The  most  that  can  be 
claimed  as  proved  is  that  certain  substances  can  be  mixed  with  Port- 
land cement,  which  cheapen  it  without  seriously  diminishing  its 
strength,  especially  in  the  sand  mixtures.  This  is  especially  true  of 
sand  or  silica  cement,  where  the  sand  mixtures  are  almost  as  strong  as 
the  parent  Portland  cement  from  which  the  silica  cement  was  derived. 

The  distinction  is  not  brought  out  in  the  paper,  between  mixing  an 
additional  substance  with  Portland  cemant,  so  that  one  portion  of  the 
cement  is  replaced  by  another  material,  and  simply  making  an  addi- 
tion to  Portland  cement  mortar.  The  German  manufacturers  say,  if 
Portland  cement  is  replaced  by  any  other  substance,  the  strength  of 
the  resulting  mortars  is  diminished;  this  is  also  the  writer's  experience. 
On  the  other  hand,  if  finely  pulverized  substances,  such  as  silica,  be 
added  to  a  true  Portland  cement  mortar,  they  may  by  filling  up  the 
voids,  especially  in  the  case  of  lean  mortars  like  one  part  cement  to 
four  parts  sand,  cause  an  increase  of  strength.  This  is  really  a  physi- 
cal improvement  of  the  mortar,  and  has  nothing  to  do  with  the  question 
of  free  lime  in  the  Portland  cement  itself. 

In  the  table  it  is  not  stated  that  the  tests  were  made  on  briquettes 
immersed  in  water,  except  iu  conjunction  with  boiler  pressure  tests. 
The  inference  is  they  have  been  immersed,  and  it  would  be  interesting 
to  know  the  author's  exj^erience  with  mixtures  of  sil  kept  in  air. 

Several  years  ago  the  writer  conducted  an  extended  series  of  tests 
with  trass  and  pozzolana  mixtures,  as  compared  with  Portland  mor- 
tars. The  former  substances  are  very  nearly  like  sil  in  chemical  com- 
position and  in  the  following  respects  : 

If  added  to  neat  Portland  cement,  they  do  not  improve  it.  If  added 
to  Portland  cement  mortars,  they  have  a  weakening  effect  at  first  by 
reason  of  their  extreme  slowness  in  setting,  but  after  long  periods  they 
add  strength.  For  instance.  Table  No.  5  shows  that  the  adtlition  of  one 
part  of  sil  to  one  part  Portland  cement  diminishes  the  strength  of  the 
neat  cement  at  7  days  to  about  one-fourth  that  of  the  original  cement, 
at  28  days  to  about  three-tenths,  and  at  one  year  to  about  three-fourths. 
The  same  table  shows  that  by  adding  one  part  of  sil  to  a  Portland 
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cement  mortar  of  two  parts  cement  and  six  parts  sand,  the  strength  of  Mr.  Maclay. 
the  mortar  is  diminished  until  the  end  of  one  year,  when  it  begins  to 
increase.  In  the  present  time,  when  buildings  and  engineering  works 
are  carried  to  completion  so  rapidly,  can  engineers  afford  to  add  any- 
thing to  Portland  cement  to  diminish  its  first  strength,  with  the  hope 
that  in  a  year  or  two  it  may  improve  it? 

The  great  advantage  of  using  a  high-grade  Portland  cement  for 
water  work  is  it  gets  its  strength  so  quickly  that  it  does  not  experience 
the  disintegrating  effect  weaker  mortars  suffer,  and  the  writer  cannot 
but  think  this  strength  is  permanent. 

In  view  of  the  good  results  of  Portland  cement  in  actual  practice, 
engineers  cannot  accept  too  cautiously  the  criticisms  of  theoretical 
tests,  especially  when  extended  over  long  periods  where  liability  to 
error  is  greatly  multiplied.  For  example,  the  sea  fortifications  of 
Copenhagen  have  been  built  forty  years  and  are  to-day  in  a  good  state 
of  i^reservation ;  there  a  Portland  cement  with  nearly  65%"  of  lime  was 
used. 

John  F.  Wakd,  M.  Am.  Soc.  C.  E. — The  rei^orts  of  tests  of  cement,  Mr.  Ward, 
as  given  in  this  paper,  are  interesting  as  showing  how  very  small  is 
the  reliance  which  can  be  placed  on  the  results  of  short-time  experi- 
ments as  to  the  tensile  strength  of  the  cements  now  in  general  use. 
Table  No.  1  shows  that  of  nine  samples  of  neat  cement,  the  best,  as 
shown  by  two  years'  experience,  held  only  fifth  place  in  the  list  at  the 
end  of  the  first  seven  days,  being  nearly  15  ^'o  weaker  than  the  cement 
which  at  that  time  seemed  to  be  the  best,  but  at  the  end  of  two  years 
the  fifth  in  the  list  rose  to  be  first,  thus  proving,  in  this  case  at  least, 
that  the  seven  days'  test  was  not  only  useless,  but  in  a  high  degree 
misleading. 

In  the  mortar  tests  in  the  same  table  the  discrepancies  are  even 
greater  between  the  short  and  long-time  experiments,  as  the  cement 
which  at  two  years  proved  to  be  the  best,  at  seven  days  was  seventh 
in  a  list  of  nine,  and  one  which  was  at  the  head  of  the  list  in  twenty- 
eight  days  fell  to  the  foot  in  two  years. 

The  tendency  for  some  seasons  past  has  been  to  question  the  entire 
reliability  of  short-time  tests  as  a  guide  to  all  of  the  good  points  of 
cement,  and  such  a  showing  as  is  made  in  this  little  table  ought  to 
make  any  one  think  whether  it  is  worth  from  20^^  to  50%  of  the  cost 
of  a  barrel  of  cement  to  find  out  what  it  will  do  in  the  way  of  harden- 
ing in  a  week  or  even  in  a  month,  when,  as  would  appear  from  the 
results  shown,  that  the  information  so  obtained  may  be  of  no  use 
whatever. 

It  seems  rather  odd  to  see  the  engineers,  who  are  supposed  to  be 
on  the  lookout  for  deficiencies,  following  the  lead  of  the  manufac- 
turers in  using  the  most  expensive  apparatus  and  the  greatest  care  to 
coax  the  specimens  to  behave  well  by  setting  up  in  a  week,  and  giv- 
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Mr.  Ward,  lag   a  showing  whicli  the  experience  of  a  year  or  two  may  turn  to 
ridicule. 

The  reason  why  the  short-time  test  is  so  fallacious  is  that  it  is 
simj^ly  a  record  of  the  strength  of  the  hydration,  which  is  merely  a 
temjjorary  crystallization  or  solidifying  of  the  water  in  the  mixture, 
whereas  the  ultimate  strength  of  the  cement,  which  is  often  double 
that  of  the  hydration  period,  comes  in  the  shape  of  siliciflcation, 
which  is  a  far  more  perfect  and  j^ermanent  combination,  but  reqiiires 
more  time  for  its  completion. 

Many  engineers  will  say  that  the  needs  of  their  work  will  not  allow 
them  even  a  week's  time  for  testing  their  cement,  but  this  only  em- 
phasizes the  objection  to  short-time  tests,  and  adds  more  reason  to 
the  call  for  something  which  may  take  the  jjlace  of  the  common  tensile 
breaking  of  briquettes. 

The  question  comes  then,  in  what  direction  to  look  for  relief.  One 
obvious  way  is  to  buy  on  rej^utation  almost  entirely,  and  the  German 
manufacturers  have  worked  hard  and  faithfully  in  this  direction  with 
such  success  that  very  large  quantities  of  their  cement  are  used  by 
parties  who  have  faith  in  their  very  elaborate  and  costly  laboratory 
tests,  without  anything  more  than  the  slightest  examination  of  the 
quality  by  the  buyer.  There  ai-e  also  in  this  country  many  makers 
whose  product  has  been  for  years  so  uniform  and  well  known  that  the 
engineer  feels  at  his  ease  in  using  it,  even  if  he  is  not  so  situated  that 
he  can  make  thorough  tests  of  his  own,  and  wait  a  year  or  two  to  see 
the  results. 

It  seems  to  be  the  almost  universal  opinion  that  the  disastrous 
going  back  of  cements  from  their  flattering  short-time  tests  is  caused 
by  the  presence  of  lime  in  a  free  state,  or  in  such  form  as  to  be  set 
free  by  the  action  of  the  other  ingredients  under  the  conditions  to 
which  they  become  exposed  in  use.  Some  authorities  say  that  this 
excess  of  lime  can  be  detected  by  tasting;  but,  whether  this  is  correct 
or  not,  it  would  be  very  desirable  to  find  some  chemical  reagents 
which,  applied  to  minute  quantities  of  cement,  would  show  by  change 
of  color,  ebullition  or  otherwise,  the  presence  of  the  matter  which,  in 
the  long  run,  would  make  the  mortar  return  to  the  shape  of  loose 
powder. 
Mr.  Michaaiis.  Dk.  W.  MicHAELis.  — It  gives  the  writer  the  greatest  satisfaction 
to  learn  that  the  author  has  found  and  drawn  attention  to  an 
American  pozzolana,  apparently  identical  with  Santorin  earth,  which 
is  also  a  volcanic  ash,  or  granulated  trachyte-porphyry,  or  triturated 
pumice  stone  After  trass,  Santorin  earth  is  the  best  admixture  for 
sea  mortar;  it  contains  about  80^  of  hydraulic  substance,  and  at  least 
60%  of  hydraulic  silica.  Such  a  pozzolana,  dried  and  sifted,  or  ground 
and  sifted  through  a  No.  80  sieve,  will  undoubtedly  make  an  excellent 
mortar  in  combination  with  high-class  Portland  cements  and  hydraulic 
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limes.     The  writer  would  advise  a  mixture  of  six-tenths,  by  weight,  of  Mr.  Michaeiis. 
Portland  cement  and  four-tenths  of  the  sil,  although  the  latter  will 
give  a  remarkable  mortar  if  used  in  the  following  combination  : 

4     parts  by  weight  or  3     by  volume  of  pozzolana. 

1  "  ■•  1      •'  "     quicklime  paste  or  powder  of  hydrate  of  lime. 

1.5       "  "  0.5   '•  '■     sand. 

Such  a  mortar  contains  only  about  one-fourth  of  the  lime  in  Port- 
land cement  mortar,  and  is  the  best  known  at  present  for  resisting  the 
action  of  sea  water.  It  hardens  very  slowly,  especially  at  low  tem- 
peratures, and  if  left  for  three  or  four  days — even  seven  will  not  do 
harm — until  it  begins  to  set,  it  may  be  dropped  into  deep  water  with- 
out any  danger  of  being  washed  out. 

The  writer  recommends  a  mortar  of  Portland  cement  to  secure  the 
strength  of  this  material,  and  enough  pozzolana,  rich  in  hydraulic 
silica,  to  bind  the  excess  of  lime  which  becomes  free  during  the  harden- 
ing of  the  cement.  He  would  also  advise  American  engineers  to  try 
the  sil  discovered  by  the  author  in  the  following  combinations  : 

Firat. — With  the  best  Portland  cement  and  a  low  percentage  of 
alumina. 

Seconr/. — With  strong  hydraulic  limes. 

Third. — Mixed  with  quicklime,  as  previously  indicated,  in  strong 
mortar-mills.  The  concrete  made  with  this  mortar  should  have  16 
parts,  by  volume,  of  broken  stone,  15  parts  of  sil,  5  parts  of  quicklime 
paste  or  powder  of  hydrate  of  lime,  and  2  to  3  parts  of  sand. 

KiCHAKD  L.  Humphrey,  Assoc.  M.  Am.  Soc.  C.  E. — The  paper  ap-  Mr.  Humphrey, 
pears  to  the  writer  to  lack  important  detail  information  and  data  suf- 
ficient to  confirm  the  theories  advanced. 

Concrete  is  defined  as  a  mixture  of  two  parts,  the  mortar  of  cement 
or  lime  and  sand,  and  the  aggregate,  broken  stone,  crushed  slag, 
gravel,  etc.  While  admitting  that  mortar  is  the  essential  part  of 
concrete,  the  writer  is  not  willing  to  apply  to  concrete  deductions 
based  on  mortar  tests  alone.  In  the  tabulated  tests  in  the  paper  it  will 
be  observed  that  the  compositions  are  exclusively  sand  and  cement. 

The  author  states  that  "it  becomes  apparent  from  an  inspection  of 
the  sand  tests  in  Table  No.  1,  that  those  briquettes  which  broke  the 
highest  in  a  short  time  fared  worst  in  the  long  run,  and  analysis  shows 
that  those  cements  contain  more  basic  elements,  lime  and  magnesia,  in 
proportion  to  the  acid  elements,  silica,  alumina  and  oxide  of  iron,  than 
the  other  samples,"  yet  he  does  not  present  these  analyses  to  confirm 
the  statement.  Again,  in  the  analysis  of  the  well  water  he  neglects  to 
state  whether  the  water  had  an  acid  or  alkaline  reaction,  which  is  a 
very  important  factor  in  considering  the  probable  action  of  the  salts 
contained  in  water  acting  on  masses  of  cement. 

The  author  also  fails  to  describe  the  sand  used  in  making  the 
tests.     He  does  not  state  its  mineralogical  nature  ;  whether  it  was  a 
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3Ir.  Humphrey,  natural  sand  or  a  standard  crushed  quartz  sand.  If  it  was  a  natural 
sand,  it  is  important  to  know  whether  it  was  a  bank  or  a  bar  sand,  and 
whether  it  was  washed  and  freed  from  any  foreign  matter  it  may  have 
contained  before  being  used. 

On  inspection  of  Table  No.  1,  it  will  be  noticed  that  there  are  but  two 
of  the  samples  which  do  not  show  a  decrease  in  strength  in  the  two- 
year  tests,  and  it  is  interesting  to  notice  that  both  of  these  cements  are 
American  brands.  It  has  occurred  to  the  writer  that  possibly  the  sand 
used  in  these  tests  may  have  been  the  cause  of  this  decided  decrease  in 
strength.  It  has  been  his  experience  that  where  the  basic  elements 
are  in  excess  in  cement  the  neat  tests  are  the  first  to  show  signs  of  un- 

y  soundness.     In  Table  No.  1  it  will  be  observed  that  only  the  sand  tests 

show  a  loss  of  strength,  and  this  fact  seems  to  cast  suspicion  on  the 
character  of  the  sand  used. 

The  writer  has  also  found  that  where  swelling  takes  place  in 
cements,  the  neat  briquettes,  being  more  compact  than  the  sand 
briquettes,  and  therefore  having  fewer  voids,  show  this  action  more 
strongly.     It  is  still  less  noticeable  in  concrete. 

TABLE  No.  7. — Eeaekangement  of  Table  No.  1. 


Group. 


American 
Belgian — 
English . . . 
Oerman. . . 


Fineness. 
Residue  on. 

Neat  Cement. 

1  Cement ;  4  Sand 

50 

100 

7 

28 

6 

1 

2 

7 

28 

6 

1 

Das. 

Das. 

Mos. 

Yr. 

Yrs. 

Das. 

Das. 

Mos. 
209 

Yr. 

4.8 

20.4 

439 

.580 

826 

870 

921 

48 

106 

244 

4.0 

14  5 

422 

4,57 

664 

7:^() 

851 

80 

114 

131 

128 

6.5 

19.5 

.528 

692 

730 

7.52 

813 

90 

119 

172 

151 

1.5 

10  0 

496 

696 

766 

79« 

862 

106 

150 

197 

187 

2 
Yrs. 


221 

103 

19 

97 


The  writer  has  arranged  in  Table  No.  7  the  tests  given  in  Table 
No.  1  in  groujjs  according  to  the  country  in  which  the  cement  was 
manufactured,  and  it  will  be  noticed  that  the  average  English  Port- 
land makes  the  poorest  showing,  the  American  Portland  the  best,  and 
Belgian  and  German  next.  The  writer  has  found  that  English  ce- 
ments, as  a  rule,  are  low  in  lime  and  magnesia,  while  American,  Bel- 
gian and  German  cements  are  higher.  As  the  analyses  of  the  cements 
irom  which  the  tests  in  Table  No.  1  were  made  are  not  given,  it  is  im- 
possible to  carry  the  comparison  further.  It  will  again  be  noticed 
that  the  average  neat  tests  show  a  uniform  increase,  while  the  sand 
tests  show  a  decrease  in  strength  at  the  end  of  one  or  two  years. 

The  author  has  stated  that  the  mortars  which  yield  high  tests  for 
short  periods  of  time  showed  the  greatest  decrease  in  the  long  time. 
It  will  be  noticed  on  comjiaring  the  average  sand  tests  of  the  English 
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cements  with  those  of  the  German  cements,  that  the  English,  while  Mr.  Humphrey, 
giving  lower  tests  for  short  periods  of  time,  show  the  greatest  decrease 
in  the  long  run. 

The  author  does  not  state  whether  the  water  used  for  the  tests 
recorded  in  Tables  Nos.  2,  3  and  4  was  the  same  as  that  used  for  those 
in  Table  No.  1.  If  such  is  the  case,  then  the  tests  in  those  tables  do 
not  confirm  the  conclusions  drawn  from  Table  No.  1,  as  none  of  the 
tests  in  Tables  Nos.  2,  3  and  4  show  a  decrease  in  strength. 

Again,  in  Table  No.  5,  the  cement  marked  G  is  stated  to  be  the 
same  as  sample  a  in  Table  No  1.  It  will  be  noticed  that  there  is  100 
lbs.  variation  in  the  neat  tests  at  the  end  of  one  year. 

The  question  naturally  arises,  whether  the  tests  were  all  made  at 
the  same  time,  under  the  same  conditions  and  by  the  same  person.  If 
so,  then  the  variation  shows  a  decided  lack  of  skill  in  making  the  bri- 
quettes, and  that  the  number  of  briquettes  were  too  few  for  obtain- 
ing a  fair  average. 

The  author  infers  that  the  addition  of  sil,  a  soluble  silica,  to  a 
cement  high  in  lime,  not  only  prevents  the  tendency  to  lose  its 
strength,  but  on  the  contrary  jjroduces  a  decided  increase  of  strength, 
and  then  he  quotes  Tables  Nos.  2,  3,  4  and  5  in  sujjport  of  this  state- 
ment. Yet,  on  comparing  the  last  column  of  Table  No.  5,  with  the  col- 
umn headed  A.^,  it  will  be  found,  as  might  be  expected,  that  the  addi- 
tional part  of  sil  decreases  the  strength  of  the  mortar  appreciably. 

It  will  be  noticed  that  this  sil  is  exceedingly  fine,  having  a  residue 
of  only  1%  on  a  100-mesh  sieve.  It  seems  to  the  writer  that  this  fine 
sil  merely  fills  the  voids  of  the  coarser  sand,  and  that  the  mixture 
being  more  dense  is  therefore  stronger,  just  as  a  concrete  made  of 
stone  of  graded  sizes  is  more  comjiact  and  often  stronger  than  one  hav- 
ing stone  of  the  same  size. 

Frederick  H.  Lewis,  M.  Am.  Soc.  C.  E. — The  paper  presents  a  Mr.  Lewis, 
question  which  has  already  been  debated  for  fifteen  years  in  Europe, 
and  is  now  scheduled  by  a  German  commission  for  a  series  of  experi- 
ments covering  a  still  longer  term.  This  question  is  whether  or  not 
Portland  cement  may  be  ameliorated  by  the  addition  of  substances 
containing  hydraulic  (or  soluble)  silica,  and  it  is  interesting  because 
by  general  consent  the  theory  is  conceded  to  be  correct  by  those  who 
declare  it  mischievous  in  practice. 

As  the  author's  general  presentation  of  the  subject  is  meager  and 
his  co-ordination  of  the  results  reported  with  previous  work  somewhat 
unsatisfactory,  a  brief  outline  of  the  main  argument  as  it  now  stands 
may  be  of  interest,  and  to  this  the  writer  addresses  himself. 

In  the  opening  paragraph  the  author  writes:  "A  number  of  years 
ago  the  Society  of  German  Portland  Cement  Manufacturers  published 
an  article  claiming  that  good  Portland  cement  could  not  be  improved 
by  admixtures."     While  the  reference  is  not  explicit,  there  can  be 
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Mr.  Lewis,  little  cloiibt  tliat  he  lias  in  mind  the  commnnication  of  the  German 
association  to  the  Prussian  Minister  of  Public  Works  in  1882.  This 
reads  as  follows: 

"Normal  Portland  cements  do  not  require  a  so-called  improving 
addition;  such  an  addition  produces  rather  a  decrease  of  strength 
which  is  nearly  proportionate  to  the  amount  of  the  addition";  and 
further,  "  The  Council  is  unfortunately  of  the  opinion  that  the  means 
of  coercion  which  the  factories,  desiring  to  furnish  for  the  future  an 
unadulterated  article,  have  at  hand,  are  not  sufficient  effectively  to 
hold  in  check  these  improijer  practices,  and  the  more  so  that  the  desire 
for  gain,  which  here  forms  the  only  motive,  does  not  even  disdain  to 
cover  itself  with  the  mantle  of  pretended  science." 

This  harsh  criticism  was  directed  at  Dr.  William  Michaelis,  of 
Berlin,  and  was  so  accepted  by  him.  It  appears  just  as  quoted  in  his 
latest  pamphlet  defending  this  theory.*  His  original  statement  of  the 
theory  in  1882  read  as  follows : 

"  When  Portland  cement  is  gauged  with  water,  and,  in  conse- 
quence, hardens,  a  certain  arrangement  of  the  molecules  takes  place 
during,  and  as  a  result  of,  the  absorjjtion  of  the  water.  In  the  al- 
kaline water  which  at  once  forms  in  the  cement — many  cements  con- 
tain free  alkali,  and  are  in  consequence  quick  setting — calcium  hydrate 
separates  out  in  a  crystalline  form;  indeed,  in  the  course  of  the  harden- 
ing process,  about  a  third  of  the  whole  quantity  of  lime  present  in  the 
cement  acts  thus.  The  lime  thus  sejjarated  in  crystals  has  very  little 
binding  action,  it  has  rather  a  tendency  to  destroy  the  cohesion  which 
the  cement  mass  has  already  attained.  This,  however,  cannot  happen 
in  good  cements,  because  the  cohesion  is  already  too  strong,  and  the 
separation  of  the  lime  takes  place  too  gradually. 

"After  such  a  consideration  of  the  case,  it  may  be  concluded  a. 
priori  that  if  there  are  offered  to  the  lime,  while  it  is  in  process  of 
separating  out,  pozzolanas  [i.  e. ,  substances  which,  in  combination 
with  calcium  hydrate  form  cement),  the  amount  of  effective  cement  in 
the  mortar  may  be  increased  in  such  a  way  that  no  more  caustic  lime 
can  be  deposited  in  crystals,  but  that  the  entire  quantity  of  calcium 
hydrate  becoming  liberated,  and  which  must  first  go  into  solution  be- 
fore it  can  crystallize,  is  employed  in  the  formation  of  calcium  hydro- 
silicate  (and  aluminate)." 

His  fuller  presentation  of  his  views  in  the  j^amphlet  of  1895  be- 
fore referred  to  reads  thus: 

"  From  this  it  was  but  a  step  to  the  conclusion  that  the  improve- 
ment, by  means  of  additions  containing  hydraulic  silica,  of  hydraulic 
cements  with  an  excess  of  lime  must  be  of  the  very  greatest  import- 
ance and  api^licability  in  the  case  of  mortars  which  have  to  be  exposed 
to  the  action  of  sea  water,  because  the  study  of  the  behavior  of  these 
mortars  led  me  to  the  conviction  that  the  free  lime  is  the  chief  cause 
of  the  frequent  failure  and  rajjid  destruction  of  hydraulic  mortars  in 
marine  construction. 

"By  means  of  appropriate  additions,  the  whole  of  the  excess  of 
lime  could  be  securely  combined,  and  the  mortar  thereby  converted 
into  one  very  much  less  cajiable  of  i-eaction;  this  would  then  inevitably 
be  shown  very  soon  and  very  distinctly,  not  merely  in  the  degree  of 

*  "  The  Behaviour  of  Hydraulic  Cements  in  Sea  Water,"  Berlin,  1895. 
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durability,  but  in  tlie  strength.    Thus  the  behavior  of  the  mixed  hydrau-  Mr.  Lewis, 
lie  cement  in  sea  water  could  not  but  form  the  truest  touchstone  for 
my  theory,  and  also  be  of  the  highest  importance  from  the  point  of 
view  of  national  economy." 

"My  present  proposal  goes  at  once  to  the  root  of  the  evil  by  lay- 
ing hold  at  the  outset  of  the  injurious  excess  of  lime,  and  converting 
it  to  a  useful  purpose;  this  i^roposal  is  based  upon  the  fact  which  I 
have  long  upheld,  that  clinkered  Portland  cements,  too  high  in  calcic 
oxide  and  hydraulic  limes,  may — either  in  the  process  of  manufacture 
or  in  the  preparation  of  the  mortar — be  improved,  and  more  esi)ecially 
rendered  more  capable  of  withstanding  the  decomposing  action  of  sea 
water,  by  means  of  such  additions  as  will  go  to  form  fresh  hydraulic 
mortar  with  the  excess  of  lime  or  with  that  which  is  set  free  during 
the  hardening  j^rocess,  /.  e.,  with  j^ozzolanas  in  the  widest  sense  of  the 
word.  Such  suitable  pozzolanas  are  hydraulic  silica  itself,  opal,  in- 
fusorial earth,  pozzolanas  in  the  more  restricted  sense,  trass,  Santorin 
earth;  also  further,  powdered  glass,  certain  granulated  blast-furnace 
slags,  burnt  alum-shale,  kaolin,  brick-dust,  etc. 

"Of  all  known  additions  of  this  kind,  the  most  effective  is  real 
trass  on  account  of  the  high  proportion  it  contains  of  the  hydraulic 
factors,  and  of  the  excellent  quality  of  that  portion  of  it  which  acts  as 
sand." 

Right  or  wrong  then,  whatever  credit  attaches  to  this  theory  of 
ameliorating  cements  belongs  to  Dr.  Michaelis,  who  since  1882  has 
borne  the  brunt  of  severe  criticism,  personal  as  well  as  technical,  for 
the  views  he  holds. 

The  strongest  denials  of  these  views  have  been  by  the  German 
society  and  by  M.  Candlot,  the  well-known  French  authority.  The 
reply  of  the  German  society  appeared*  with  a  note  stating  that  it 
definitely  closed  the  question.  Omitting  the  first  half  of  this  docu- 
ment, the  main  argument  reads  as  follows: 

"It  is  impossible  to  oppose  to  these  proofs  the  cases  in  which 
Portland  cement  has  not  been  satisfactory  in  the  sea.  We  must  con- 
clude that  in  these  special  cases  there  have  been  employed  mortars 
which  are  too  meager  and  in  consequence  are  porous  and  of  insuffi- 
cient strength,  or  else  that  the  work  has  been  badly  executed.  It 
is  certain  that  Portland  cement  cannot  be  held  responsible  for  such 
faults. 

"The  Society  of  German  Portland  Cement  Manufacturers  has  en- 
deavored for  a  long  time  to  observe  the  strength  of  limes  and  of 
cements  in  sea  water,  to  enlighten  its  belief  in  this  respect.  At  its 
request,  and  from  the  conviction  that  only  tests  made  in  the  sea  were 
capable  of  giving  useful  information,  the  Prussian  Minister  of  Public 
Works  charged  the  Royal  Administration  of  the  Island  of  Sylt  with 
these  tests.  The  cost  was  borne  partly  by  the  Ministry  and  partly  by 
the  association  which  sent  besides  to  the  Island  of  Sylt  a  commission 
chosen  from  its  members.  The  observations  were  made  especially  on 
rich  mortars  which  by  reason  of  great  strength  and  impermeability 
cause  them  to  be  less  influenced  than  the  others  by  mechanical  effects. 
These  tests  are  not  yet  terminated.  As  regards  cement  mortars,  how- 
ever, it  is  a  fact  that  all  the  samples  plunged  in  sea  water  which  are 

*  In  the  Verhandlungen  des  Vereins  zur  BefOrderung  des  Geirerhfleisses,  1895. 
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Mr.  Lewis,  under  observation  are  up  to  tlie  present  time  absolutely  intact  and  are 
ac(iuiring  an  increasing  resistance;  althotigh,  as  has  been  remarked 
above,  the  resistance  of  Portland  cements  may  be  somewhat  less  in 
sea  water  than  in  fresh  water.  As  to  mixed  mortars  of  Portland 
cement  and  lime,  and  especially  to  the  mixtures  of  trass  and  lime, 
they  are  attacked  by  sea  water. 

"  Michaelis  recommends  the  addition  of  trass  to  Portland  cement 
intended  for  maritime  constructions  in  order  to  render  it  more  resist- 
ant to  sea  water,  with  the  idea  that  the  lime  rendered  free  by  the  set- 
ting of  cemeat  will  combine  with  the  silica  and  alumina  of  the  trass 
forming  thus  a  stable  compound  in  the  preseace  of  sea  water.  He  has 
established  a  series  of  tests  and  obtained  by  the  aid  of  an  addition  of 
trass  to  cement  mortar  a  considerable  increase  of  strength.  We  desire 
to  di'aw  attention  to  this  fact  that  there  is  reason  for  distinguishing 
between  the  case  in  which  Portland  cement  is  mixed  with  another  sub- 
stance (in  such  a  way  that  a  jjart  of  the  cement  is  replaced  by  an  equal 
part  of  this  other  substance)  from  that  in  which  a  mortar  of  Portland 
cement  and  sand  is  completed  by  the  addition  of  another  substance. 
If  the  cement  is  replaced  partially  by  other  substances,  the  preceding 
table  relative  to  hardening  in  sea  water  shows  that  the  resistance  is 
diminished,  excejjt  in  case  of  the  addition  of  ultramarine  and  other 
substances  producing  analogous  effects. 

"If  on  the  contrary  fine  powders  of  hydrated  lime  and  sand  within 
certain  limits  are  added  to  cement  mortar,  these  do  produce  an  aug- 
mentation of  strength  in  consequence  of  the  filling  up  of  the  voids  in 
a  meager  mortar.  It  is  not,  then,  a  question  of  the  amelioration  of  the 
cement,  but  of  the  amehoration  of  the  mortar.  Trass,  at  the  time  of 
hardening  in  water,  produces  a  more  intense  effect  than  other  sub- 
stances, becaiise  at  the  same  time  that  it  fills  the  voids  it  causes  a  new 
augmentation  of  density  by  combining  with  the  hydrate  of  lime  which 
is  placed  at  liberty  in  the  cement.  But  rich  mortars  which  contain 
few  voids  are  not  ameliorated  by  such  additions.  Trass  itself  does 
not  produce  any  improvement  in  them  in  despite  of  its  richness  in 
active  silicic  acid,  because  these  mortars  lose  density  by  the  avidity 
of  trass  for  water,  and  the  trass  is  unable  to  produce  a  better  union  of 
the  elements  of  the  mortar. 

"In  order  to  demonstrate  the  effect  of  pozzolana  in  the  hardening 
of  Portland  cement,  we  have  made  some  tests  with  trass,  which  is  a 
most  active  jjozzolaua,  and  as  Michaelis  has  done,  we  have  added  the 
trass  to  cement  mortar.  For  these  tests,  as  the  Maritime  Commission 
of  the  International  Congress  has  decided,  we  have  especially  chosen 
rich  cements  since  these  are  to  be  recommended  for  works  in  the  sea 
because  of  their  strength  and  hardness  ;  their  density  gives  them 
better  protection  from  the  attacks  of  the  sea.  We  have  experimented 
in  the  same  way  nevertheless  with  a  meager  mortar,  one  to  four.  For 
these  tests  we  have  used  sea  water  from  the  North  Sea,  for  the  reason 
that  sulphates  in  solution  (as  the  tests  of  Michaelis  have  shown) 
act  in  a  manner  quite  different  from  sea  water  either  natural  or  arti- 
ficial. 

"  The  cement  employed  for  these  tests  has  given  (for  one  of  cement 
to  three  of  sand  for  28  days)  a  strength  in  tension  of  318  lbs.  per 
square  inch,  and  in  compression  3  400  lbs.  per  square  inch.  The  trass 
came  from  Plaidt.  The  sand  was  sieved  silicious  sand.  All  the  mor- 
tars had  the  same  consistency.  The  table  below  gives  the  strengths 
at  the  end  of  28  days. 
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1334  5  G7H  Mr.  Lewis. 

1  Cem.,    1  Cem.,    1  Cem.,    1  Cem.,    1  Cem.,    1  Cem.,  1  Ceni  ,    1^  Cem., 

1  Sand.     1  Trass.   1  Sand,    2  Sand.    1  Trass,    4  Sand.  4  Sand,    4     Sand. 

1  Trass.                   3  Sand.  1  Trass. 
Strength  in  tension  after  38  days. 

Freshwater 425           417           405           334           274           163  33.5            231 

Seawater(N'thSea)  417           400           394           319           307           1.50  31(;             310 

Strength  in  compression  after  28  days. 

Fresh  water 4  434        4  094         4  094        3  070         3  0155         1  953  1  775         3  449 

"It  is  shown  from  this  that  rich  mortars  containing  one  or  two 
parts  of  sand  do  not  show  any  increase  of  strength  in  sea  water  by  the 
addition  of  trass  (columns  1  to  5).  Even  the  mortar  of  one  cement  to 
one  trass  does  not  acquire  greater  strength  than  a  mortar  of  one 
cement  to  one  sand.  As  the  single  exception,  the  mortar  of  one  cement, 
one  trass  and  two  sand  does  show  more  strength  in  sea  water  than  in 
fresh  water.  It  is  the  opposite  phenomenon  which  is  exhibited  by  all 
the  others.  On  the  other  hand,  meager  mortar,  one  of  cement  to  four 
of  sand,  has  been  appreciably  improved  and  to  the  same  extent  both 
in  fresh  water  and  in  sea  water,  in  consequence  of  the  addition  of  one 
part  of  trass  (see  columns  6  and  7).  But  we  call  attention  to  the  fact 
that  the  addition  of  one  part  of  fine  sand  to  mortar  one  to  four  in- 
creases the  strength  in  tension  in  the  same  way  about  45  lbs.  per 
square  inch  both  in  fresh  water  and  in  sea  water,  a  fact  which  proves 
that  a  great  part  of  the  influence  of  trass  is  due  to  physical  causes 
(a  better  filling  of  the  voids). 

"The  strength  in  tension  of  mortar,  one  cement,  one  trass  and  four 
sand,  at  the  end  of  28  days,  meanwhile,  is  not  greater  in  sea  water  than  in 
fresh  water,  although  Michaelis  found  it  to  be  128  lbs.  greater  in  sea 
water  than  in  fresh  water  at  the  end  of  11  days.  The  disagreement  is 
remarkable  in  these  two  contradictory  tests. 

"We  have  made  some  new  tests  with  another  brand  of  cement  in 
mortar,  one  to  four,  which  have  given  us  the  same  results  with  or  with- 
out the  addition  of  trass.  On  the  other  hand,  a  mortar  one  to  two  of 
this  cement  has  been  improved  in  sea  water  by  the  addition  of  trass. 
There  is  reason  to  notice  again  in  this  table  that  the  addition  of  trass 
caused  a  diminution  of  strength  in  compression — the  addition  of  one- 
half  a  part  of  cement  to  a  mortar  one  to  four  produces  at  least  as  much 
effect  as  one  part  trass  (see  columns  7  and  8)." 

Mr.  Candlot's  argument*  against  the  amelioration  of  Portland 
cement  by  silicious  mixtures  is  as  follows: 

"  The  decomposition  of  mortars  by  the  filtration  of  sea  water  or  by 
the  frequent  renewal  of  this  water  in  the  mass  of  the  mortar  has  been 
completely  studied  and  its  mechanism  is  now  well  understood.  The  re- 
searches of  Messrs.  Alexander,  Debray,  Feret  and  others,  have  very 
clearly  demonstrated  under  what  conditions  mortal's  are  decomposed  by 
the  passage  of  water,  and  from  them  we  have  arrived  at  this  conclusion, 
that  the  only  remedy  to  adopt  against  decomposition  is  to  prevent  the 
sea  water  from  penetrating  the  mortar.  We  are  led  thus  to  dismiss  the 
chemical  reactions  of  sea  water  on  mortars  and  to  consider  their  action 
from  a  purely  physical  standpoint.  Since  all  mortars  without  excep- 
tion are  decomj^osed  when  they  are  transversed  by  sea  water,  it  is 
necessary  to  limit  ourselves  to  ascertaining  which  are  the  most  compact 
mortars,  and  consequently  those  which  oppose  to  the  passage  of  water 
the   most    certain    obstacles.     Here  tests  in  the   laboratory  must  be 

*  Le  Ciment,  Paris,  September,  1896. 
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Mr.  Lewis,  abandoned,  for  there  is  nothing  to  learn  from  them,  and  it  is  neces- 
sary to  place  ourselves  under  practical  conditions  in  order  to  be  able 
to  take  account  at  the  same  time  of  the  effects  of  waves,  of  difference  of 
temperature,  etc.  Tests  in  the  laboratory  have  given  us  only  one 
point,  very  important,  it  is  true,  but  which  might  have  been  foreseen;, 
this  is  the  considerable  influence  of  the  nature  of  the  sand;  we  are 
quite  agreed  to-day  in  giving  preference  to  coarse  sand,  renouncing 
everywhere  the  use  of  fine  sand. 

"When  we  study  the  compactness  of  mortars,  and  when  we  seek  to 
produce  mortars  as  compact  as  possible,  we  easily  demonstrate  that 
Portland  cement  possesses  in  this  respect  a  great  superiority  over  all 
the  other  hydraulic  products.  In  oiir  Judgment  the  excellent  condition 
of  cement  mortars,  one  to  one  and  one  to  two,  employed  at  La  Rochelle, 
and  in  the  greater  part  of  the  works  executed  in  all  the  ports  of  the 
world  in  the  last  fifty  years,  is  due  above  all  else  to  the  fact  that  Port- 
land cement  mortar  alone  jjermits  us  to  obtain  mortars  with  a  mini- 
mum of  voids.  It  is,  in  fact,  the  agglomerant  possessing  the  highest 
specific  gravity,  and  the  one  which  demands  the  least  water  for  mortar 
making,  while  at  the  same  time  it  is  suscejitible  of  fixing  the  greatest 
quantity  of  water. 

' '  Dr.  Michaelis  has  recently  published  a  study  of  the  highest  inter- 
est on  the  decomposition  of  mortars  by  sea  water.  Starting  from  the 
idea  that  the  best  resisting  cements  are  those  in  which  the  lime  finds 
itself  engaged  in  the  most  stable  combinations,  he  shows  that  Roman 
cements  contain  the  least  lime  susceptible  to  reacting  with  sulphate  of 
magnesia  in  sea  water  to  produce  the  injurious  salts,  sulphate  and 
suljiho-aluminate  of  lime.  Portland  cement  relinquishes  during 
hardening  a  certain  qiiantity  of  hydrate  of  lime  which  is  ready  to  trans- 
form itself  into  sulphate  or  sulpho-aluminate  of  lime  Speaking  even 
of  the  lime  of  Teil,  Dr.  Michaelis  says  that  it  ought  to  resist  sea  water 
better  than  Portland  cement.  Far  from  confirming  these  theoretical 
considerations,  the  facts  contradict  them  absolutely,  and  make  it  jDlain 
that  in  spite  of  its  chemical  composition,  perhaps  less  favorable,  Port- 
land cement  resists  much  better  in  the  sea  than  any  other  hydraulic 
product." 

The  above  quotations  fairly  summarize  the  views,  pro  and  con,  on 
this  much-discussed  subject. 

W.  E.  Belknap,  Assoc.  M.  Am.  Soc.  C.  E. — The  writer  believes 
that  the  importance  of  the  question  raised  in  the  paper  is  hardly  ap- 
preciated as  it  should  be.  It  should  be  sufficient  to  say  in  respect  to 
this  that  the  theory  and  contentions  of  Dr.  Michaelis,  which  are  ex- 
emplified in  the  paper  and  have  been  set  forth  in  the  correspondence 
by  Mr.  Lewis,  are  receiving  the  best  thought  and  attention  of  cement 
specialists  in  France  and  Germany,  and  in  the  latter  country  the 
Minister  "of  Public  Works  has  formed  a  commission  to  investigate  the 
subject  fully.  Dr.  Michaelis  writes  that  the  experiments  under  this 
commission  "  will  be  made  in  the  laboratory,  as  well  as  in  the  sea,  on 
large  blocks,"  and  will,  he  hopes,  be  made  to  extend  over  a  period  of 
thirty  years.  Dr.  Michaelis  himself  has  recently  begun  a  new  series 
of  experiments  to  extend  over  a  period  of  ten  years. 

While  there  is  much  cement  work  which  has  stood  intact  for 
many  years,  there  have  also  been  grave  failures,  the  causes  for  which 
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are  enveloi^ed  in  much  imcertainty.  Such  Avork  as  the  author  has  Mr.  Belknap, 
given  is  to  be  much  commended  and  encouraged  as  being  a  most  valu- 
able contribution  to  a  fund  of  information,  the  correct  and  final  an- 
alysis of  which  will  sooner  or  later  discover  the  causes  of  these 
failures  and  enable  engineers  to  determine  rules  for  the  composition 
and  treatment  of  a  cement  to  give  certain  assurance  of  its  permanent 
durability  under  a  certain  exposure,  if  a  cement  can  be  made  to  stand 
it.  If  it  cannot,  the  information  which  leads  to  such  a  conclusion  is 
just  as  valuable  and  important  to  the  engineering  profession. 

The  experiments  of  Dr.  Michaelis,  the  author  and  many  others 
show  without  doubt  that  the  cements  used  in  them  were  incapable  of 
resisting  the  action  of  various  waters  and  that  an  admixture  of  certain 
materials  did  improve  these  cements  to  such  an  extent  that  they 
withstood  the  action  of  the  same  waters.  There  are  also  many  prac- 
tical examples  of  like  incapability  in  the  deterioration  of  large  and 
costly  structures.  The  writer  begs  to  call  attention  to  an  example  near 
at  hand,  in  the  very  evident  deterioration  of  the  quay  walls  at  the 
Brooklyn  Navy  Yard.  These  walls  are  concrete  monoliths  formed  in 
situ.  They  rest  on  a  platform,  the  top  of  which  is  at  about  the  plane 
of  low  water,  and  rise  about  5  ft.  above  the  plane,  being  about  10 
ft.  in  height.  There  are  about  3  000  lin.  ft.  of  this  wall,  which 
has  been  exposed  from  one  to  three  years.  The  entire  surface  of  it  is 
pitted  from  1  to  2  ins.  deep  and  exhibits  indications  of  further  deteri- 
oration. The  writer  believes  that  what  are  generally  regarded  as  the 
best  brands  of  foreign  and  domestic  Portland  cement  have  been  used 
in  this  work.  From  the  uniformly  bad  appearance  of  this  large  stretch 
of  work,  one  cannot  escape  the  conviction  that  the  cement  used  was 
intrinsically  incompetent  for  such  exposure,  for  there  is  a  moral 
certainty  that  though  the  treatment  of  the  cement  might  have  been 
improper  and  negligent  in  some  places,  it  would  not  have  been  so 
throughout  the  work. 

On  the  contrary,  however,  and  opposed  to  any  general  conclusions 
which  might  be  adduced  from  these  experiments  and  actual  structural 
failures,  are  the  many  works  of  concrete  standing  intact  for  long 
periods  of  time.  For  instance,  the  German  Society  of  Portland  Cement 
Manufacturers,  in  its  criticism  of  Dr.  Michaelis'  work,  cites  the  sea 
forts  at  Copenhagen  built  nearly  forty  years  ago  of  cement  of  the  same 
chemical  composition  as  that  "used  by  Michaelis  in  the  experiments 
from  which  he  draws  the  conclusion  that  Portland  cement  is  not  dur- 
able in  sea-water. " 

Also,  in  like  corroboration,  is  the  experience  of  the  New  York  Dock 
Department  which  has  built  many  feet  of  submerged  concrete  wall 
during  the  last  twenty  years.  This  wall,  the  writer  is  informed  by 
competent  authority,  shows  no  signs  of  deterioration.  It  should  be 
noted,  however,  that  the  large  blocks  of  concrete  which  form  the  sub- 
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Mr.  Belknap,  merged  portion  of  this  wall  are  hardened  well  in  the  air  before  being 
placed  and  may  have  sufficient  time  to  acquire  a  protective  carbonate 
coating  which  is  not  decomposed  by  the  salts  of  sea  water. 

The  following  tables  are  also  apparently  contradictory  to  the  re- 
sults shown  in  Table  No.  1.  They  are  selections  from  some  results  of 
tests  published  in  the  report  for  1895  of  M.  L.  Holman,  M.  Am.  Soc. 
C.  E. ,  Water  Commissioner  of  St.  Louis.  It  will  be  noticed  that 
whereas  the  author's  neat  tests  show  an  increase  in  strength  to  the 
end  of  the  tests,  Mr.  Holman's  show  a  loss,  and  whereas  the  author's 
sand  tests  (1  to  4)  show  a  loss  of  strength  after  six  months  in  all  but 
one  of  the  foreign  brands,  Mr.  Holman's  sand  tests  (1  to  3)  show  an 
*  increase.  It  may  be  stated  on  authority  that  in  one  case  the  same 
brand  occurs  in  both  sets  of  tables.  In  regard  to  his  tests  Mr. 
Holman  writes  :  "  The  work  was  carefully  done  and  represents  the  ex- 
perience gained  from  a  very  large  amount  of  work." 

TABLE  No.  7. — Showing  Kesults  of  Tests  of  Cement,   One  Part 
(Cement  to  Three  Parts  Sand. 

Average  of  10  briquettes  in  each  case.  Sand  between  No.  20  and  No. 
30  sieve,  one  day  in  air,  remaining  time  in  water.  Tensile  strength, 
pounds  per  square  inch. 


Fineness  on  No.  lOt)  sieve 

1  week 

2  weeks 

3  weeks 

4  weeks 

3  months 

6  months 

9  months 

1  year 

2  years 

3J  years 


86.5 
190  5 
207.0 
326.1 
215.6 
238.6 
252.8 
276.5 
285.6 
306.0 
320.3 


88.6 
223.5 
289.8 
251.5 
287.4 
308.9 
337.4 
332.4 
347.  (J 
371.1 
408.7 


87.6 
272.0 
264.7 
265.2 
288.5 
317.2 
336.7 
350.1 
386.5 
418.3 
442.0 


91.7 
280.2 
284  6 
296.9 
303.4 
353.7 
421.6 
431.1 
452.5 
480.0 
508.0 


TABLE  No.  8. — Showing  REstriiTs  of  Tests  of  Neat  Cement,  Mechan- 
icAiiLY  Mixed,  One  Day  in  Air,  Remaining  Time  in  Water. 

Average  of  10  briquettes  in  each  case.     Tensile  strength,  pounds  per 
square  inch. 


Fineness  on  No.  100  sieve 

1  week 

2  weeks , 

3  weeks 

4  weeks 

3  months 

6  months 

9  months 

1  year 

2  years 

3J  years 


86.5 
606.2 
671.4 
664.8 
707.0 
756.0 
787.0 
746.4 
742.2 
750.8 
655.2 


88.6 
665.2 
693.8 
709.4 
710.4 
690.6 
657.8 
795.2 
715.0 
764.4 
750.2 


87.6 
559.8 
003.4 
594.0 
625.2 
578.2 
681.2 
828.2 
811.0 
791.8 
672.0 


91.7 
675.6 
761.6 
768.8 
707.2 
675.2 
742.2 
849.8 
783.2 
772.8 
689.0 
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TABLE  No.  9. — Showing  EEsuiiTS  of  Tests  of  Neat  Cement,  Hand  Mr.  Belknap. 
Mixed,  One  Day  in  Aik,  Remaining  Time  in  Watek. 

Average  of  10  briquettes  in  each  case.     Tensile  strength,  i^ounds  per 
square  inch. 


1 

a 

3 

4k 

86.5 
551.2 
610.8 
633.6 
565.8 
665.4 
701.6 
720.8 
710.0 
650.6 
709.0 

88.6 
612  6 
645.8 
630.0 
639.2 
645.0 
661.0 
723.4 
643.8 
654  4 
566.4 

87.6 
524  6 
514.8 
597.6 
581.4 
543.2 
615.6 
645.4 
620.0 
607.4 
599.2 

91.7 

667.0 

621.0 

7»1.6 

676.2 

6.59.4 

779.6 

720.0 

716.0 

761.4 

614.8 

Though  the  conditions  under  which  the  St.  Louis  tests  were  made 
are  dissimilar  in  many  respects  to  those  of  the  author's  tests  and  pro- 
hibit any  comparison  which  would  seek  to  make  the  results  of  Mr. 
Holman  contradictory  to  those  of  the  author,  they  are  at  variance  in  a 
large  degree,  and  emphasize  most  strongly  the  previously  cited  contra- 
dictory experience  as  indisputable  evidence  of  the  great  uncertainty 
which  attends  at  present  the  use  of  Portland  cement  for  certain  pur- 
Ijoses. 

The  writer's  experience  is  in  accordance  with  the  theory  of  Dr. 
Michaelis  that  a  large  part  of  the  lime  is  set  free  during  the  hardening 
process  and  must  be  finally  washed  out  or  taken  into  combination 
with  external  salts.  This  fact  does  not  seem  to  be  disputed  by  any  of 
the  authorities  who  have  made  careful  inquiry  on  the  subject.  What 
becomes  of  it  and  in  what  degree  its  presence  in  a  loose  state  in  the 
mortar  (together  with  alumina  when  exposed  to  sea  water)  affects 
the  integrity  and  durability  of  a  cement  structure  under  water  is  the 
main  point  in  dispute,  in  regard  to  which  present  testimony  is  some- 
what conflicting. 

Whether  trass  is  a  necessary  admixture  to  guarantee  Portland 
cement  permanently  against  certain  exposures  does  not  yet  seem  to 
have  been  fully  determined,  though  the  following  statements,  which 
are  found  in  the  criticism  of  Dr.  Michaelis'  work  made  by  the  German 
society  previously  mentioned,  seem  to  favor  a  conclusion  in  that  direc- 
tion. 

"It  cannot  be  denied  that  a  correct  idea  lies  at  the  bottom  of 
this  theory  (of  the  possibility  of  improvement). 

"  Trass  acts,  particularly  in  hardening  in  water,  more  favorably 
than  other  substances  because,  besides  this  filling  of  the  interstices,  a 
further  condensation  of  the  mortar  takes  place,  through  the  combina- 
tion of  the  trass  with  the  lime  separating  out  from  the  cement." 
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Mr.  Belknap.  The  writer  believes  the  present  results  of  this  investigation  show 
that  it  is  much  safer  to  use  for  sea-water  work  a  cement  of  low  com- 
parative strength  in  which  the  basic  compounds  are  comparatively  low 
in  proportion  to  the  acid  compounds,  than  to  use  one  of  high  strength 
in  which  the  basic  compounds  are  comparatively  high.  This  is  simply  a 
preference  for  futui'e  durability  over  initial  strength.  He  is  not,  how- 
ever, of  the  opinion  that  such  a  cement  when  free  from  deleterious  ingre- 
dients will  not  make  durable  mortar  (in  sea  water)  when  mixed  in  rich 
proportions,  say  one  to  two.  The  investigation  of  this  subject  promises, 
however,  to  show  how  it  is  possible  to  make  a  poorer,  therefore  cheaper, 
mortar  durable  under  the  same  exposure. 

In  view  of  the  presentation  by  Mr.  Lewis,  in  his  discussion,  of  tiie 
criticism  made  by  the  German  Society  of  Portland  Cement  Manufac- 
turers of  Dr.  Michaelis'  work  on  "  The  Behaviour  of  Hydraulic  Cement 
in  Sea  Water,"  the  writer  begs  to  call  attention  to  some  extracts  from 
the  reply  made  by  Dr.  Michaelis  to  the  same,  in  which  he  shows  how 
the  association  has  misinterpreted  the  results  of  its  own  experiments  and 
presents  the  results  of  further  tests  in  support  of  his  theory.     He  says: 

"  I  may  remai'k  that  the  strength  of  Portland  cement  per  se,  i.  e., 
of  neat  Portland  cement  mortar,  is  quite  of  minor  importance,  and  that 
the  strength  is  not  the  only  important  property  of  cement,  that  its 
soundness  and  durability  are  even  of  greater  importance.  Is  it  not 
possible  to  improve  Portland  cement  without  increasing  its  strength? 
I  affirm  that  Portland  cement  can  be  improved  even  at  the  expense  of 
the  latter.  I  proceed  now  to  the  examination  of  the  results  of  the  ex- 
periment given  in  Table  II  (Table  No.  10),  with  which,  strange  to  say, 
the  Board  seeks  to  support  its  assertion  that  a  practically  apjjlicable 
pozzolana,  such  as  trass,  cannot  produce  an  improvement." 

The  writer  inserts  here  the  table  as  it  appears  in  the  criticism  of 
the  association  with  the  explanations  concerning  it. 

TABLE  No.    10. — Pkepaked   by  the  German  Society  of  Pobtland 
Cement  Manueactukers. 


1 

3 

3 

4 

5 

6 

r 

8 

1  part 
cement 

1  part 

cement 

1  part 

trass 

Ipart 
cement 
1  part 
trass 
1  part 
sand 

Ipart 
cement 

2  parts 
sand 

1  part 
cement 

1  part 
trass 

2  parts 
saud 

1  part 
cement 

4  parts 
sand 

1  part 
cement 

1  part 

trass 
4  parts 

sand 

1.5  pts. 
cement 

1  part 
sand. 

4  parts 
sand 

In  fresh  water. 
In  sea  water . . . 


Tensile  Strength  at  28  Days. 
425     I      41!)     I      405     I      334     I      275 


1(54 
151 


225 
21(i 


230 
210 


Compressive  Strength  at  28  Days. 
In  fresh  water I  4  454    I  4  111     I  4  111     I  3  686    I   3  079 


1  961     ,    1  783     1    2  469 


"  The  cement  used  in  the  experiments  yielded  the  normal  tests  one 
cement  to  three  sand,  after  28  days  a  tensile  strain  of  320  lbs.,  an  d  a 
compressive  strain  of  3  411  lbs.  per  square  inch.     The  trass  employed 
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came  from  Plaiclt,  the  sand  was  quartz  sand,   retained  between  the  Mr.  Belknap, 
sieves  with  380  and  5  800  meshes  per  square  inch  respectively.*     All 
mortars  were  made  of  the  same  consistence." 

Dr.  Michaelis  says: 

"  In  this  series  of  experiments,  one  of  the  essential  factors  for  form- 
ing a  judgment  on  the  matter  is  unfortunately  absent,  i.  e.,  the  density 
of  the  test  briquettes ;  it  is  only  stated  that  the  briquettes  are  made  of 
the  same  consistency.  But  in  order  to  form  a  mortar  out  of  1  i^art 
cement  and  1  part  sand  of  the  same  consistency  as  a  mortar  of  1  part 
cement  and  1  part  trass,  twice  the  quantity  of  water  is  required 
with  the  trass  mixture  as  with  the  sand  mixture;  thus,  while  for  the 
latter  one  uses  about  12  parts  of  water  to  100  dry  substance,  24  parts 
would  have  to  be  used  with  the  trass  mixture.  Fiirthermore,  if  we 
consider  that  the  air-dried  genuine  trass  contains  S%  of  water,  then 
we  have  in  the  sand  mixture  12,  and  in  the  trass  mixture  28  i^arts 
water.  In  consequence  of  this  the  sand  mixture  yields  10  volumes 
against  the  trass  mixture's  13  volumes. 

"  If,  in  spite  of  this  very  significant  difference  in  the  density  of  the 
briquettes,  about  2.50  against  2.25,t  the  trass  mortar  No.  2  turns  out 
almost  as  strong  as  the  sand  mortar  No.  1,  then,  clearly,  a  consider- 
able improvement  can  be  recognized  as  having  been  effected  even  in 
strength;  and  it  cannot  be  looked  upon  as  strange,  or  in  any  way 
favorable  to  the  opinion  of  the  Board,  that  the  compressive  strengths 
of  the  trass  mixture  have  turned  out  lower  than  those  of  the  so  very 
much  denser  cement  and  sand  mixtures. 

"In  all  the  following  mixtures,  though  less  in  the  same  ratio  as  the 
proportion  of  sand  increases,  the  same  disadvantage  attaches  to  the 
trass  mixtures ;  all  these  contain  much  more  water,  and  are  thus  much 
less  compactly  made.  For  example,  the  mortar  No.  3  required  17 
parts  water  (-{-  2.7  from  the  air-dried  trass)  making  nearly  20  parts 
water,  against  the  mortar  No.  4  with  only  9.5  jjarts  water.  Trass  can 
only  harden  hydraulically  with  quicklime;  either  trass  is  active  as  an 
addition  to  Portland  cement,  and  then  only  with  the  help  of  the  lime 
separating  out  from  the  cement,  or  it  is  inactive,  and  in  this  case 
behaves  only  as  so  much  sand,  and  even  then  only  as  inferior  sand  from 
the  quantity  of  clayey  matter  it  contains. 

"If  we  look  now  at  the  results  of  experiments  3,  5  and  7,  in  com- 
jjarison  with  4,  6  and  8,  and  if  we  consider  the  trass  an  inactive  addition, 
then  No.  3,  a  mixture  of  1  part  cement  with  2  sand,  in  spite  of  its  much 
smaller  density,  is  almost  as  strong  as  No.  1  made  from  1  part  cement 
and  1  sand;  No.  5,  a  mixtiire  of  1  part  cement  and  3  sand,  almost  as 
strong  as  No.  4,  a  mixture  of  1  part  cement  and  2  sand;  No.  7,  a  mixt- 
ure of  1  part  cement  and  5  sand,  about  50j^  stronger  than  No.  6, 
which  is  a  1  to  4  mixture;  and  No.  7  stronger  than  No.  8,  although  the 
latter  contains  only  -i-<  as  miich  sand  as  No.  7. 

"In  each  case  it  is  shown  how  strong  the  action  of  trass  is  already 
at  28  days. 

"  And,  moreover,  it  is  surely  not  to  the  disfavor  of  the  trass  mix- 
tures that  they  produce  more  mortar. 

"  That  the  purely  physical  increase  of  strength,  which  arises  from 

*  "  Sand  of  this  grain  has  been  adopted  for  sea- water  experiments  by  the  International 
Conference  because  it  furnishes  a  denser  mortar,  more  suitable  for  marine  buildings  than 
coarse  sand,  and  is  used  likewise  in  the  experiments  on  Sylt.  Michaelis  has  used  normal 
sand  in  his  present  experunents,  with  the  object  of  testing  porous  mortar,  which  contains 
a  large  amount  of  interstitial  space." 

+  The  direct  experiment  gave  the  densities  to  2.370  and  to  1.914— far  greater  than  had 
been  supposed. 
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Mr.  Belknap,  the  condensing  of  tlie  cement  mortar  by  addition  of  fine  sand  or  sim- 
ilar powdered  substances  to  coarse  sand  (standard  sand,  for  example), 
can  only  be  very  trifling,  every  expert  must  know,  and  that  an  increase 
of  strength  by  two-  or  three-fold  can  never  be  jsroducedby  this  means. 
Even  in  spite  of  this  fact,  tlie  objection  has  been  raised  against  my 
work  that  I  had  not  brought  testimony,  that  the  observed  improve- 
ment was  not  entirely  attributable  to  the  pulverulent  nature  of  the 
trass.  Although  I  have  again  and  again  demonstrated  for  20  years 
within  what  limits  a  physical  improvement  can  occur  (I  refer  also  to 
my  report  to  the  London  Chamber  of  Commerce,  Cement  Section,  in 
'Engineering,'  5th  June,  1896,  p.  753),  I  have  begun  a  new  series  of 
experiments,  to  stretch  over  ten  years,  which  must  convince  every 
doubter.     In  these  experiments  were  used : — 

"(a.)  Portland  cement,  'Star'  brand,  of  following  composition: 
Silica,  '23.027^;  alumina,  6.249;V;  "'on  oxide,  2AbO%;  lime,  63.233^; 
magnesia,  0.916?o;  potash,  0.660j?o;  soda,  0.069%;  sulphate  of  lime, 
2.14A%;  water  and  carbonic  acid,  0.691%;  insoluble,  0.210%;  total, 
100.249  percent. 

"  (b.)  The  same  trass  as  indicated  in  my  treatise  on  the  '  Behavior 
of  Hydraulic  Cements  in  Sea  Water,'  and  sifted,  likewise,  through  the 
76  sieve. 

"(c.)  Berlin  (Freienwalder)  standard  sand. 

"  (d.)  Fine  washed  Freienwalder  sand,  of  which 
11.4%  passes  the  sieve  with  32  000  meshes  to  the  square  inch. 
16.8"  "  "         16  000 

10.4"  "  "        10  000  "  " 

45.4"  "  "  6  000  "  " 

•  16.0"  "  "  2  500 

"With  these  materials  the  following  mortar  mixtures  were  made 
and  gauged  into  briquettes,  which,  after  24  hours'  hardening  in  air 
saturated  with  moisture,  were  immersed,  part  in  ordinary  water,  part 
in  artificial  sea  water,  as  specified  in  my  treatise.  The  sea  water  treat- 
ment was  conducted  in  exactly  the  same  way  as  was  indicated  in  my 
first  work,  only  I  now  allow  the  briquettes  to  stand  dry  for  24  hours 
each  time  after  the  sea  water  has  been  run  off";  by  this  means  they  are 
allowed  to  drip  thoroughly,  and  the  fresh  sea  water  can  more  easily 
penetrate  them. 

"  The  testing  periods  from  thedav  of  immersion  are  fixed  at  28  and 
90  days,  1,  2,  3,  4,  5,  6,  8  and  10  years. 

y  ~'      ■ 


N. 


O. 


Q. 


E. 


1  part  by  weight  '  Star  '  cement  \      9.5  water  to 

4 

'       standard  sand  [  100  dry  material 

'       '  Star '  cement  )        10. 1  water 

'       trass                    j-              to 

6.2      " 

'       standard  sand  j  100  dry  material 

'       '  Star  '  cement  i         9. 8  water 

'       trass                    >•               to 

'       standard  sand  )  100  dry  material 

'       '  Star '  cement  1 

'       trass                    1      10.0  water  to 

'       fine  sand            f  100  dry  material 

'       standard  sand  J 

'       '  Star  '  cement  ]         9.3  water 

'       fine  sand            V               to 

'       standard  sand  )  100  dry  material 

S  signifies 

'  fresh  water  hardening. ' 

M       " 

'sea  water  hardening.' 
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"  The  numbers  represent  pounds  per  square  inch,  tensile  strength;  Mr.  Belknap, 
the  second  row  in  each  period,  pounds  per  square  inch,  compressive 
strength  (obtained  from  the  tensile  briquettes  bound  together  again 
after  breaking). 

"  Up  to  the  present  the  results  of  the  first  three  periods,  28,  90  and 
180  days,  are  forthcoming. 


N 

0 

P 

Q 

R 

Age. 

NS 

NM 

0  S 

CM 

PS 

PM 

QS 

QM 

RS 

RM 

28  days 

223 

182 

266 

334 

184 

269 

189 

270 

83 

79 

90  days 

"  density.... 

306 
3  086 
2.199 

220 

2  roo 

2.242 

338 
3  714 
2.236 

427 
4  343 
2.276 

269 
2  357 
2.177 

325 

2  557 
2.194 

277 
2  800 
2  224 

334 

3  300 
2.244 

119 

874 
2134 

111 
963 

2.177 

180  days  

"    density... 

310 
3  314 
2.191 

249 
2  900 
2.259 

394 
3  871 
2.238 

452 
4  430 

2.287 

306 
2  614 
2.198 

378 
3  043 
2.217 

310 
3  085 
2.240 

384 
3  543 
2.263 

126 

957 

2.142 

143 

1  000 
2.187 

"These  numbers  cannot  be  misunderstood.  Above,  the  supposi- 
tion was  made  that  trass  be  chemically  inactive,  and  only  act  as  so 
much  inferior  sand  in  order  to  lead  ad  absurdian  through  the  results 
of  the  experiments  of  the  Board,  and  asserts  that  the  additions  do 
harm  in  proportion  to  their  amount.  Now  trass  may  be  considered  as 
cement,  in  order  to  point  out  the  error  of  those  who  reckon  half  the 
quantity  of  Portland  cement  as  more  effective  than  trass. 

"  On  the  sui^position  that  trass  equals  cement,  the  mixtures  P  and  Q 
are  like  N,  1  part  cement  to  4  sand,  but  P  and  Q  are,  even  at  28  days, 
about  50%  stronger  in  tensile  strength,  and  at  90  days  Q  is  also  much 
stronger  in  compressive  strength  in  the  case  of  the  briquettes  exi:)Osed 
to  the  action  of  the  sea  water. 

"In  the  case  of  P,  the  compressive  strength  is  not  superior  to  that 
of  N  only  because  the  P  briquettes  were  made  less  dense  than  the  N 
briquettes. 

"  The  tensile  tests  show,  as  is  seen,  the  influence  of  the  sea  water 
much  more  distinctly  than  the  compressive  tests,  and  this  is  because, 
with  the  separation  of  salt — chiefly  calcium-alumino  sulphate  and 
not  mere  magnesium  hydrate — causing  ultimately  the  destruction  of 
mortar,  there  results  first  a  condensing  of  the  mortar  which,  for  a. 
time,  increases  the  comiDressive  strength,  till  the  bursting  of  the 
cohesion,  the  blowing,  and  therewith  the  disintegration  of  the  mass 
take  place. 

"  What  the  purely  physical  improvement  by  addition  of  fine  to 
coarse  sand  can  amount  to,  a  glance  at  the  mixture  R  in  comparison 
with  P  and  Q  will  show. 

"1  have  pointed  out  that  under  certain  favorable  circumstances 
Portland  cement  can  resist  the  action  of  sea  water,  but  that  only  dense, 
rich,  and  therefore  expensive,  cement  mortars  can  have  by  chance  any 
permanent  durability.  I  profess  to  produce,  on  the  other  hand,  poor 
and  cheap  durable  mortars  out  of  Portland  cement  and  pozzolana,  and 
1  am  convinced  that  this  is  a  matter  of  great  importance,  and  worthy 
of  all  consideration. 
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Mr.  Belknap.  "Even  if  the  poor  mortars,  mixed  according  to  my  suggestion, 
conld  not  withstand  the  washing  out  sufficiently  long,  still  much  would 
be  gained  by  the  fat  impermeable  mortar  becoming  chemically  quite 
durable  on  the  one  hand,  and  much  cheaper  on  the  other.  The  sug- 
gestion that  throiigh  the  closing  of  the  pores  (colmatage)  a  protection 
is  formed,  as  has  hitherto  beeji  accepted,  is  a  delusion.  If  this  closing 
of  the  pores,  as  is  supposed,  were  caused  only  by  the  sejjarated  mag- 
nesium hydrate,  then,  doubtless,  a  favorable  effect  might  be  expected 
from  it;  but  I  have  found  that  the  separation  in  the  pores,  or  better, 
in  the  mortar  mass,  under  the  influence  of  sea  water  on  hydraulic 
cement,  esj^ecially  with  Portland  cement,  consists  in  the  main  of  the 
destructive  agent — calcium  sulphate  +  calcium  aluminate  -  as  was  but 
to  be  exjiected. 

"What  surety  have  we  that  this  separation  has  only  a  favorable 
effect,  stopping  just  as  it  has  increased  the  density  of  the  mortar,  and 
that  it  does  not  proceed  farther  to  destroy  the  cohesion,  break  up  the 
mortar,  and  reduce  it  to  mud?  Clearly  none;  but  everything  is  here 
left  to  chance.  The  proposed  mixing  of  cement  and  trass,  or  other 
valuable  pozzolanas,  prevents  a  dangeroixs  reaction  with  the  sea  water, 
and  the  excessive  separation  of  salts  in  the  substance  of  the  mortar; 
the  stoppage  of  the  pores  need  not  be  counted  upon  with  my  mortar 
mixtures." 

With  respect  to  the  treatise  of  Dr.  Michaelis,  referred  to  by  Mr. 
liewis,  the  following  quotations  from  a  letter  from  Dr.  Michaelis  will 
alter  some  impressions  which  might  naturally  be  given  by  his  pajjer, 
and  also  add  to  the  information  on  this  subject: 

"  At  first,  I  wish  to  say  that  I  have  not  at  all  recommended  Roman 
cements  for  sea  structiires;  certainly  the  chemical  properties  make 
the  best  and  uniform  Roman  cements  more  fitted  to  withstand  the 
chemical  action  of  sea  water;  but  Roman  cements  are  rarely  uniform, 
and  their  physical  qualities  are  very  inferior  to  Portland  cements. 
Only  the  best  chemical  and  physical  qualities  combined  will  secure 
the  durability  of  mortars  in  sea  water.  I  wish  to  utilize  the  high 
Ijhysical  qualities  and  the  uniformity  of  Portland  cements,  but  to  im- 
prove their  chemical  deficiency — the  over-limed  constitution — by  add- 
ing the  very  best  pozzolanas  or  hydraulic  silicic  acid  in  its  densest 
state.  I  therefore  have  recommended  for  sea  structures  the  mixture 
of  Portland  cement  with  trass  (volcanic  tufa)  or  Santorin  earth.  *    ^    * 

"If  you  will  employ  one  of  our  best  Portland  brands  *  *  * 
combine  it  with  trass  or  Santorin  earth,  and  take  instead  of  100  parts 
by  weight  of  Portland  cement,  50  parts  cement  and  50  parts  trass 
(through  the  No.  80  wire  gauge  sieve  900  meshes  Y>er  square  centi- 
meter, equal  to  6  000  per  square  inch),  or  60  cement  and  40  Santorin 
earth  (same  fineness),  with  such  mixtures  of  hydraulic  substances, 
the  sea  water  can  no  longer  form  large  quantities  of  the  terrible 
double  salt  (the  aluminate  of  lime  and  sulphate  of  lime)  which 
crystallizes  with  60  or  more  equivalents  of  water.  The  strength  and 
tightness  of  your  mortar  compositions  are  beyond  doubt;  but  take 
coarse  sand,  with  only  20  to  305o  of  tine  sand  in  it."  *  *  *  "  l  am 
not  sufficiently  acquainted  with  your  genuine  American  brands; 
*  *  *  if  these  are  not  richer  in  alumina  than  the  above-mentioned 
cements,  you  may  use  them;  but  no  better  Portland  cement  for  sea 
structures  than  *  *  *  such  brands  which  contain  only  5  to  6% 
of  alumina." 
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"If  you  will  try  trass  you  must  take  it  in  the  form  of  tufa  which  Mr. Belknap, 
will  bear  little  duty,*  I  suppose,  and  grind  it  yourself,  and  the  San- 
torin  earth  from  Fium,  in  the  state  of  so-called  Greek  earth.     *     *     * 
"  1  cu.   m.  Santoriu  earth,  or  about  700  kilos., 

will  cost  at  Santorin   .  .  $2  25  to  2  50 

1  ton,  1  000  kilos,  trass,  on  the  Rhine 4  00 

1  cu.  m.  tufa,  650  kilos 2  50 

With  resj^ect  to  the  discussion  of  Mr.  Lesley,  the  following  from 
another  letter  of  Dr.  Michaelis  is  pei'tinent: 

"lam  not  of  the  opinion  of  those  who  accept  that  by  elevating 
the  amount  of  lime  in  Portland  cement  from  1  (silicate)  to  2  (lime),  in 
former  time  to  1  to  2.2  (the  average  is  lower  than  2.1),  all  the  failures 
of  modern  cement-mortars  in  sea  structures  sprang  up  and  may  there- 
with be  easily  interjireted;  certainly  the  more  lime  contained  in  the 
cement,  the  more  of  this  body  becomes  free  during  the  hardening  pro- 
cess, and  can  react  with  the  salts  of  the  sea  water,  but,  first,  the 
strength  of  the  cement  increases  with  the  amount  of  lime,  its  cohesion 
or  resistance  against  expansives  is  stronger;  second,  with  increasing 
the  lime  the  amount  of  alumina  diminishes,  in  consequence  of  that 
only  a  smaller  amoitnt  of  the  noxious  double  salt  (aluminate  and 
suljjhate  of  lime)  can  be  formed.  You  see  circumstances  exist  which 
may  compensate  themselves.  I  do  not  assume  that  before  1880  the 
cements  have  been  safer,  on  the  contrary." 

The  author  has  given  the  writer  the  following  analysis  of  the 
cements  used  in  his  experiments,  which  information  will  be  valuable 
in  an  interpretation  of  his  results: 


Silica 

Alumina  and  oxide  of  iron 

Lime 

Magnesia 

Sulphuric  acid 

Residue  from  silica  after  treatment 
with  hydrofluoric  and  sulphuric 
acids 


a 

6 

c 

d 

e 

23.32 

20.72 

27.18 

21.58 

25.40 

8.97 

11.31 

8.11 

11.55 

6.98 

63.30 

62.73 

59.50 

60.21 

63.91 

0.97 

2.13 

1.41 

1.01 

1.43 

0.86 

0.99 

1.50 

1.37 

0.55 

0.20 

0.74 

0.90 

0.18 

fghi 


22.5 
11.7 
59.5 
0.9 

2.85 


0.40 


Moisture,  carbonic  acid  and  alkalies  not  determined. 

Andreas  Lundteigen,  Esq. — It  was  the  author's  object  to  present  Mr.  Lun<lteigea 
briefly  his  own  observations,  which  apj)arently  corroborate  the  obser- 
vations of  others,  to  the  effect  that  most  Portland  cements,  however 
excellent  in  qualities  such  as  fine  grinding,  high  tensile  strength,  etc., 
and  however  well  fitted  for  use  in  air  and  apart  from  the  continuous 
action  of  water,  are  by  no  means  to  be  relied  on  in  water,  especially 
sea  water  and  water  containing  sulphates;  but  that  these  same  cements 
when  mixed  with  extremely  fine  silicious  materials,  such  as  sil,  will,  in 
such  waters,  give  an  excellent  and  fully  reliable  mortar  and  conse- 
quently concrete,  taking  it  for  granted  that  the  aggregate  is  all  right. 
The  author's  experiments  were  not  started  with  the  view  of  publishing 

*  The  writer  was  charged  no  duty  on  200  lbs.  of  trass  imported  from  Andernach. 
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Mr.  Lundteigen  them,  but  simply  for  liis  own  satisfaction ;  and  this  is  the  reason  why 
the  tables  of  tests  were  not  planned  more  systematically. 

The  sand  used  was  clean,  natural  bank  sand,  screened  as  explained, 
but  not  washed.  The  same  sand  was  used  for  all  tests  as  stated  in  the 
l^aper;  it  is  imjiortant  to  know  whether  the  failure  of  the  sand  bri- 
quettes was  due  to  the  sand  or  some  other  cause  and  to  know  the  rem- 
edy; it  is  the  opinion  of  the  author  that  the  sulphates  in  the  water 
were  the  caiise. 

The  author  said  that  "it  becomes  apparent  from  an  inspection  of 
the  sand  tests  in  Table  No.  1,  that  those  briquettes  which  broke  the 
highest  in  a  short  time  fared  worst  in  the  long  run,  and  analysis  shows 
that  those  cements  contain  more  basic  elements,  lime  and  magnesia,  in 
proportion  to  acid  elements,  silica,  alumina  and  oxide  of  iron,  than  the 
other  samples."  The  first  five  samples  in  the  sand  test  in  Table  No.  1 
broke  higher  at  7  and  28  days  than  the  foiar  last  samples,  but  they 
were  in  much  the  worst  condition  at  the  end  of  two  years. 

It  will  be  seen  from  the  author's  table  of  analysis  quoted  by  Mr. 

Belknap  that  the  proj^ortions  between  the  basic  and  acid  elements  are 

as  follows: 

a  b  c  d  e        fg h i 

CaO  +  MgO  — ^ 

1.996  —  2.035  —  1.736  -  1.848  —  3.005  —  1.766 


SiOj  +  AloOa  +  FejGs 


The  magnesia  in  sample  e  was  not  ascertained,  but  for  the  sake  of 
comparison  is  assumed  to  be  1.0  per  cent.  Each  of  the  samples/,  g,  h 
and  ?,  were  not  analyzed,  but  were  known  to  be  very  nearly  the  same 
and  as  previously  given.  If  the  suljjhuric  acid  be  classed  as  an  acid 
element  then: 

a  b  c  d  e         fghi 

CaO  +  MgO 

=  1.913  —  1.972  —  1.676  —  1.768  —  1.92.3  —  1.630 


SiO,  +  AljOa-f  Fe„03  +  SO3 


It  would  at  first  seem  as  if  there  is  not  enough  harmony  between 
these  analyses  and  the  tests  to  warrant  the  author's  statement,  but  when 
it  is  recalled  how  many  things  besides  the  chemical  composition  influ- 
ence the  quality  and  the  testing  of  Portland  cement,  some  reason  for 
the  assertion  may  be  granted. 

a  i  c  d  e       fg h i 

The  residue  from  the  silica  after )  

treatment  with  hydro-tiuorie  [   =0.55  —  0.30  —  0.74  —  0.90—0.18—   0.40 
and  sulphuric  acid ) 

From  this  it  may  be  safely  inferred  that  less  of  the  clay-substance 
(acid  elements)  has,  in  the  process  of  burning,  been  acted  upon  by 
the  lime  in  samples  c  and  d  than  in  the  other  samjiles,  and  that  such 
good  results  should  not  be  expected  from  these  two  samjiles  as  would 
otherwise  be  looked  for.  All  nine  samples,  however,  represented  good 
Portland  cement,  and  swelling  or  cracking  would  not  occur  in  pure 
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water.  If  these  samples  had  been  overlimed,  in  the  usual  understand-  Mr.  Lundtelgen 
ing  of  the  word,  or  otherwise  faulty,  then  the  author  would  have 
expected  to  see  the  swelling  or  cracking  first  in  the  neat  briquettes;  as 
it  is,  it  comes  from  without,  that  is,  from  the'contact  between  the  sul- 
phates in  the  water  and  the  hydrate  of  lime  in  the  mortar.  Thus 
it  can  be  seen  why  the  sand  briquettes,  being  the  most  porous,  dis- 
integrate first,  and  why  the  disintegration  first  appears  at  the  corners 
of  the  briquettes;  it  also  explains  why  actual  masonry,  on  account  of 
its  size,  resists  the  action  of  such  waters  longer  than  do  small  test 
bodies;  besides  masonry  as  a  rule  is  made  as  compact  and  as  impene- 
trable to  the  water  as  possible.  If  the  sil  or  other  finely  divided 
silicious  material  did  nothing  else  but  help  to  fill  out  interstices  and 
make  the  mortar  or  concrete  impenetrable  by  water,  it  would  be  of 
much  value;  but,  besides  that,  it  is,  at  temperatures  above  60°  Fahr.  at 
least,  able  to  combine  directly  with  the  hydrate  of  lime  and  thus  be- 
come a  part  of  the  cementing  substance,  which  fact  the  following  one- 

TABLE  No.  11. 


28  days.... 
6  months. 


Tensile  Tests. 


1  cement. 
3  sand. 


212 
321 


581 


1  cement. 

Isil. 
6  sand. 


144 

218 


Compression  Tests. 


1  cement. 
3  sand. 


1316 

1  927 
more  than 

2  030 


1  cement. 
Isil. 
6  sand. 


451 
1  125 


1  The  author  is  aware  that 
the  compression  tests  are 
[proportionately  low  (the 
'briquettes  only 
will 
J  comparison 


I  briquettes  only  1-in.  cube), 
!  but    they   will   serve   for 


year  tensile  test  clearly  illustrates.  Comi^osition,  one  part  slacked, 
lime,  two  parts  sil,  six  jjarts  sand;  strength  after  seven  days  in  air  and 
the  remaining  time  in  water,  259  lbs. ;  strength  after  remaining  all  the 
time  in  a  sealed  glass  jar,  275  lbs. 

The  water  used  for  all  the  tests  mentioned  in  the  paper  was  the 
same,  and  the  author  can  see  nothing  contradictory  between  the  tests 
given  in  the  different  tables.  The  cement  used  in  Tables  Nos.  2  and  3 
was  the  same  brand  as  represented  hjf,  g,  h  and  i  in  Table  No.  1.  The 
neat,  as  well  as  the  cement  and  sand,  tests  cover  only  eleven  months, 
so  that  a  decrease  in  strength  could  not  reasonably  be  looked  for.  In 
Table  No.  4  the  German  cement  is  the  same  as  b  in  Table  No.  1,  and  the 
decrease  in  strength  of  the  sand  briquettes  between  eighty  days  and 
twelve  months  is  even  more  marked  than  in  Table  No.  1,  because  the 
briquettes  were  smaller  (1-in.  cubes)  and  thus  more  easily  acted  on  by 
the  water. 

The  briquettes  for  each  table  of  tests  were  made  very  carefully  and 
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Mr.  Lundteigen  as  far  as  jsossible  tinder  the  same  conditions,  but  the  author  admits 
that  an  average  of  three  breakings  is  not  enough  for  very  accurate  re- 
sults. 

The  water  is  neutral  to  litmus. 

At  the  request  of  Mr.  Maclay  the  author  gives  the  tests  in  Table 
No.  11.     Briquettes  kept  in  air  all  the  time. 

This  table  would  indicate  that  no  benefit  can  be  obtained  by  sili- 
cious  admixtures  when  the  mortar  is  to  remain  in  air  only.  Neither 
would  any  improvement  in  this  case  be  called  for,  as  the  author  has 
heard  of  no  instance  where  good  Portland  cement  has  failed  when 
exposed  to  the  air  only  or  when  guarded  from  the  continuous  action  of 
water. 
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By  Benjamin  Morgan  Harrod,  President  Am.  Soc.  C.  E. 


As  we  meet  in  this  historic  city,  our  Society  is,  for  the  second 
time,  the  guest  of  a  hospitable  neighbor  and  friend.  In  1881  the 
American  Society  of  Civil  Engineers  held  its  annual  convention  in 
Montreal.  The  President  was  then  a  man  whose  memory  we  recall 
with  professional  reverence  and  personal  feelings  of  the  most  affec- 
tionate character,  James  B.  Francis.  In  the  opening  of  his  address 
he  took  occasion  to  say  that  the  membership  was  then  636,  and  that 
"the  most  interesting  event  to  the  Society,  since  the  last  convention, 
had  been  the  purchase  of  a  house,  in  the  City  of  New  York,  as  a  per- 
manent home,  at  a  cost  of  ^30  000." 

It  affords  me  pleasure  to  be  able  to  state  on  our  return  to  Canada, 
after  sixteen  years,  that  our  membership  has  increased  more  than 
three-fold,  being  now  2  058,  and  that  we  have,  during  the  past  year, 
made  arrangement  for   securing  another  "permanent  home"  at  six 
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times  the  cost  of  tlie  present  one.  This  we  hope,  in  a  reasonable 
time,  again  to  outgrow.  Until  then,  we  will  extend  a  welcome  there 
to  oiTr  Canadian  and  other  friends  of  the  craft. 

For  many  years  the  by-laws  of  the  Society  made  it  the  duty  of  the 
President  "to  deliver  an  address  at  its  Annual  Convention,  giving  a' 
summary  of  the  engineering  progress  during  the  preceding  year." 
No  more  apjjropriate  theme  could  have  been  assigned  for  such  an 
occasion,  nor  could  a  better  method  have  been  advised  for  jireserving 
a  record  of  such  progress,  fresh  from  the  hands  of  those  who  had 
largely  contributed  to  it.  But  the  duty  was  discharged  with  increas- 
ing difficulty  from  year  to  year.  The  field  has  now  become  so  extended, 
and  the  duties  of  engineers  so  specialized  and  exacting,  that  a  satis- 
factory account  of  the  general  progress  cannot  be  rendered  by  any 
one  participant  in  the  movement. 

The  rapid  growth  of  societies  of  engineering  specialists  has  also 
created  opportunities  for  the  performance  of  this  important  work 
with  greater  fullness  and  detail.  The  specification  of  the  constitution 
is  now  more  considerate,  requiring  only  that  "the  President  shall 
deliver  an  address  at  the  Anniial  Convention,"  and  leaving  to  him  the 
choice  of  subject. 

I  shall  endeavor,  therefore,  on  this  occasion  to  present  a  brief 
view  of  the  relations  of  civil  engineering  to  the  progress  of  the  present 
time  and  country;  of  its  opportunities  and  limitations,  and  of  the 
responsibilities  and  duties  of  our  Society;  together  with  such  sug- 
gestions as  occur  to  me  for  jiromoting  its  prosj^erity  and  influence,  as 
the  national  exponent  of  the  profession. 

The  growth  of  our  country  in  extent,  numbers,  wealth  and  com- 
fort is  more  largely  due  to  the  civil  engineer  than  to  any  other  of  her 
citizens.  His  work  has  made  possible  the  occupation  of  the  entire 
continent  by  cultivated  and  prosperous  communities.  Without  the 
post-road,  the  canal  with  its  incline  planes  and  locks,  and  then  the 
railroad  with  its  bridges  and  tunnels,  Americans  would  still  be  linger- 
ing, "  a  feeble  folk,"  along  the  Atlantic  seaboard,  with  the  Appalachian 
chain  for  a  barrier,  crossed  only  for  curiosity  or  adventure.  To  make 
the  recesses  of  the  great  Central  Valley  and  the  Pacific  Slope  con- 
veniently and  cheaply  accessible  to  all  men,  to  exploit  their  resources, 
to  turn  their  waters  to  the  service  of  life  and  trade,  to  connect  them 
with  the  civilization  and  markets  of  the  world,  and  to  make  them  in- 
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dependent  by  the  diversification  of  profitable  industry,  until  it  now 
ranges  from  the  extraction  of  food,  material  and  fuel  from  the  soil  and 
mine  to  the  finished  product  of  the  highest  skill  and  organization, 
■was  the  service  of  development  required  in  earlier  days.  Although 
this  work  is  now,  in  many  of  its  as^^ects,  approaching  completion, 
and  the  duties  of  the  engineer  in  the  comj^lex  society  of  the  present 
day  are  in  many  respects  diflferent  from  those  required  Avhen  the 
country  was  younger,  yet  they  bear  a  not  less  intimate  and  important 
relation  to  the  public  welfare.  This  has  been  well  exj^ressed  by  a 
Past-President  when  developing,  before  another  audience,  the  line  of 
thought  opened  by  him  at  our  Annual  Convention  two  years  ago. 

"The  functions  of  the  Government  are  changing;  the  demands  of 
the  new  epoch  are  not  like  those  of  the  past;  safety  from  foreign  in- 
vasion is  needed  less  than  safety  from  dangers  which  lurk  within,  from 
the  poisons,  both  moral  and  physical,  which  endanger  concentrated 
population;  from  bad  air,  bad  water  and  bad  construction;  from  cor- 
Tuj^t  administration  and  from  bacteria.  In  cities  and  in  many  com- 
munities the  duties  of  the  government  rest  more  on  good  engineering 
than  on  legal  skill.  The  whole  life  of  the  community  depends  on 
appliances  and  conveniences  which  the  manufacture  of  power  alone  has 
made  possible.  For  all  this  work  the  Government  needs  neither 
soldiers  nor  lawyers,  but  men  educated  in  the  various  departments 
which  come  within  the  broad  definition  of  the  work  of  the  civil  en- 
gineer. The  rulers  and  governors,  who  at  first  were  soldiers,  who  sub- 
sequently were  selected  from  men  trained  as  lawyers,  must  in  the 
future  be  taken,  at  least  in  part,  from  those  who  are  educated  in  the 
utilization  of  the  powers  in  Nature,  from  civil  engineers,  and  the  men 
"who  are  equipped  with  the  new  education  for  the  benefit  of  their 
country." 

The  new  demand  for  the  services  of  the  civil  engineer  is  due  to  the 
extension  and  greater  complexity  of  the  social  organism,  and  requires 
for  its  sujjply  more  varied  scientific  knowledge.  Its  field  includes  the 
manufacture  of  power  from  new  sources,  air,  gas,  electricity,  and  the 
contrivance  of  new  tools  for  its  utilization.  It  calls  for  better  sanita- 
tion, ventilation,  heat  and  light;  the  improvement  and  cheapening  of 
all  processes  of  manufacture;  the  application  of  power  in  smaller 
units  for  domestic  purposes,  and  its  accumulation  in  great  central 
plants  for  commercial  distribution;  for  more  rapid  transit,  both  in 
municii^alities  and  for  great  distances;  for  longer  bridges,  higher 
buildings  and  faster  steamships;  for  deeper  rivers,  harbors  and  lakes, 
and  for  stronger  levees. 
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There  is  also  an  increasing  demand  for  the  expert  administration 
and  development  of  those  departments  of  great  corporations,  already 
established,  whether  for  civic  or  industrial  purposes,  which  require 
scientific  knowledge,  trained  judgment,  skill  in  detail,  promptness  in 
action,  and  familiarity  with  responsibility.  These  qualities  make  up 
the  equipment  of  the  civil  engineer,  and,  having  been  developed  by 
designing  and  constructing  such  work,  they  fit  him  peculiarly  for  its 
maintenance  and  betterment.  Many  of  the  largest  and  best  managed 
corporations  have  already  placed  their  administrative  and  scientific 
departments  in  the  hands  of  trained  engineers,  and  are  seeking  the 
educated  intelligence  of  graduates  of  engineering  schools  for  practical 
positions  in  their  operating  departments. 

If  the  function  of  a  learned  profession  is  the  increase  of  scientific 
knowledge  and  its  application  to  the  promotion  of  the  welfare  of 
society,  Civil  Engineering  has  been  raised  to  that  position  by  the 
learning,  character  and  achievements  of  its  members  during  the  nine- 
teenth century.  A  knowledge  of  the  forces  in  Nature  by  the  utiliza- 
tion of  wliich  human  life  has  heen  prolonged,  the  necessities  of  life 
made  plentiful  and  cheap,  the  comfort  and  security  of  all  sorts  and 
conditions  of  men  increased,  the  opportunities  of  study  and  travel 
enlarged,  and  a  new  direction  given  to  the  thought  and  energy  of  the 
world — this  knowledge,  on  which  civil  engineering  is  based,  is  a  part 
of  the  liberal  culture  of  the  age,  and  by  the  possession  of  it  that  pro- 
fession is  distinguished  from  a  mechanical  art. 

If  this  estimate  of  what  the  civil  engineer  has  already  done  and  has 
still  to  do  for  the  fiiture  development  of  this  coiantry  is  reasonable,, 
such  an  occasion  as  the  present  is  opportune  for  the  consideration  of 
the  means  by  which  our  duties  to  ourselves  and  the  public  can  be  best 
performed,  and  wherein  this  can  be  promoted  by  an  American  society,, 
where  engineers  from  all  parts  of  the  continent,  engaged  in  any  work 
requiring  the  scientific  application  of  "the  forces  in  Nature  for  the 
use  and  convenience  of  man,"  can  meet  on  common  ground  and  unite, 
as  a  body,  in  such  measures  as  will  most  efficiently  accomplish  the  ob- 
jects they  have  in  view. 

The  attempt  has  been  made  by  some  professions,  which  has  had 
sincerely  in  view  the  public  and  private  interest,  to  attain  these  ob- 
jects, and,  at  the  same  time,  defend  themselves  against  the  Bashi- 
bazouks  of  the  calling,  by  protective  legislation.      I  believe  that  the 
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experience  of  the  past,  in  this  direction,  lias  not  been  encouraging, 
for,  on  the  one  hand,  the  public  is  disposed  to  view  any  such  measure 
■with  a  suspicion  and  resentment  which  would  be  likely  to  thwart  its 
l»enevolent  intention,  and,  on  the  other,  the  advancement  of  science  is 
no  longer  an  infant  industry,  needing  protection  against  the  waning 
powers  of  ignorance  and  pretension.  It  will  be  more  satisfactory,  in 
the  long  run,  if  the  struggle  for  existence  is  allowed  to  go  on,  the  engi- 
neer acquiring  his  status  by  hard  work,  and  the  people  their  experi- 
ence by  hard  knocks,  in  order  that  adjustment  may  be  final  and  per- 
manent. The  tendency  is  now  towai-ds  the  accomplishment  of  the 
same  ends  by  a  higher  education,  more  scientific  work,  and  closer  per- 
sonal and  professional  co-operation  among  membei-s.  In  evidence  of 
this  is  the  increasingly  thorough  and  extended  courses  in  the  better 
class  of  profession  schools,  the  more  general  employment  of  trained 
engineers,  and  the  growth  of  scientific  societies  in  influence,  activity 
and  tone.  The  School  and  the  Society,  rather  than  the  Legislature, 
are  the  tools  we  need  for  working  out  our  professional  salvation. 

The  same  thought  may  be  applied  to  what  are  called  ' '  codes  of 
professional  ethics."  Of  course,  a  strong  and  cultivated  moral  sense, 
of  which  the  Golden  Rule  forms  the  larger  part — absolute  good  faith 
and  fidelity  towards  all  men,  and  particularly  among  fellow-workmen 
— is  the  foundation  of  all  social  and  ^professional  relations,  being,  jjer- 
haps,  stronger  and  more  necessary  among  engineers,  in  proportion  as 
their  responsibilities  to  the  public  and  to  each  other  are  greater  than 
in  some  other  vocations.  But  this  must  be  a  plant  of  natural  growth, 
with  roots  deep  in  the  moral  nature,  made  strong  and  hardy  by  ex- 
posure to  the  vicissitudes  of  life,  and  kept  green  by  professional  good- 
fellowship.  A  code  which  has  to  be  proposed,  and  seconded,  and 
debated,  and  amended,  and  passed  by  a  majority  vote,  can  hardly  be 
counted  on  for  the  necessary  virility  in  the  time  of  trial.  If  the  prin- 
ciples of  such  a  code  met  with  general  acceptance  there  woiild  be  no 
occasion  for  its  formal  adoption.  If  they  were  not  so  accepted,  its 
enforcement  would  be  a  matter  of  doubt  and  difficulty.  If  it  were  not 
uniformly  enforced,  a  righteous  expression  and  effort  would  fall  into 
contempt,  a  desuetude  which  would  not  be  innocuous,  and  the  last 
state  of  that  profession  would  be  worse  than  the  first.  The  prevalence 
of  social  order  and  the  progress  of  humanity  and  culture  is  more 
largely  the  result  of  a  trained  and  enlightened  j^iiblic  sentiment  than 
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of  all  the  laws  and  all  the  courts,  and  its  influence  will  afford  the  surest 
reliance  in  the  conduct  of  our  jiublic  and  private  relations. 

I  have  said  that  the  service  rendered  by  engineers  to  the  community 
can  be  made  more  efficient  by  their  organization  in  a  body  for  the  en- 
couragement of  professional  fellowshiiJ,  the  comparison  of  results  and 
the  discussion  of  the  problems  of  the  future.  Organized  co-operation 
is  one  of  the  conditions  of  progress  in  engineering,  as  in  other  applied, 
and  particularly  constructive,  sciences. 

There  is  no  greater  record  of  constructive  skill  in  the  past  than  the 
cathedrals  and  other  public  buildings  of  the  Middle  Ages.  This  result 
could  only  have  been  accomplished  by  a  wide  diffusion  of  technical 
knowledge  and  skill  throughout  the  whole  body  of  craftsmen,  by 
means  of  their  organization  into  guilds  whose  object  was  not,  prim- 
arily, discipline,  but  the  promotion  of  social  and  professional  fellow- 
ship, and  the  dissemination  of  a  knowledge  of  their  work.  Their  con- 
tribution to  the  constructive  science  and  the  general  culture  of  their 
times  was  very  great,  and  the  influence  they  thus  acquired  was,  for  a 
time,  beneficent.  They  broadly  differed,  at  first,  from  the  organiza- 
tions of  the  building  trades  of  to-day  in  their  motives,  which  were 
reasonable  and  humane,  and  in  their  methods  of  work  and  conduct. 
But,  with  increasing  power,  they  became  arrogant  and  turbulent,  and 
sought  through  protective  legislation,  special  privileges  and  exclusive 
rights,  which  the  love  of  freedom,  then  growing,  would  not  tolerate. 
The  resentment  thus  created  led  to  internal  strife,  general  antagonism, 
and,  finally,  to  their  extinction,  as  uncongenial  to  the  spirit  of  the 
times.  It  is  not  likely  that  any  similar  effort  will  succeed  better  in 
these  more  liberal  days. 

In  an  art,  the  individual  is  everything,  and  the  results  are  not 
cumulative.  The  high-water  mark  of  the  arts  has  not  been  raised  for  cen- 
turies. Its  great  achievements  preserve  their  relative  greatness  for  ever. 
Its  leaders  have  not  made  it  easier  to  write,  or  paint,  or  carve,  nor,  I 
am  sorry  to  add,  have  great  orators  made  it  easier  to  deliver  an  annual 
address.  This  is  not  the  condition  or  limitation  of  an  applied  science, 
which  is  helj^ful,  and  whose  results  accumulate.  Every  good  piece  of 
original  engineering  work  not  only  helps  the  world  to  live  in  greater 
comfort  and  security,  but  enables  many  engineers  to  do  as  well,  and 
some  to  do  better.  The  test  of  its  worth  is  its  absorption  into  the  gen- 
eral body  of  engineering  practice  for  the  use  of  all  men.    At  first  a  cap- 
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stone,  it  afterwards  assumes  its  orderly  and  honorable  jjlace  in  the 
foundations.  Those  who  follow  art  must  all  start  from  the  same  datum 
plane,  and  the  point  they  reach  is  limited  by  the  span  of  human  life; 
but  engineers  may  begin  where  their  predecessors  left  off,  and  each, 
in  his  day,  may  share  the  advantage  of  the  dwarf  in  the  proverb,  who, 
mounted  on  a  giant's  shoulder,  sees  farther  than  the  giant. 

The  reward  of  the  artist  is  therefore  more  personal  than  that  of  the 
engineer. 

The  distinction  which  I  have  here  tried  to  indicate  is  curiously 
illustrated  in  the  fame  left  by,  probably,  the  most  highly  gifted  man 
the  world  has  ever  known,  Leonardo  da  Vinci,  engineer  and  artist, 
pre-eminently,  also  scholar,  soldier,  author  and  philosopher.  When 
the  conditions  of  his  time  are  taken  into  account,  it  seems  that  he  ex- 
celled his  fellow  engineers  even  more  than  his  fellow  painters,  for 
Michael  Angelo  and  Raphael  were  the  contemporaries  of  his  maturer 
life.  Yet  he  is  now  known  to  fame  almost  exclusively  as  an  artist. 
For  one  who — wondering  at  the  great  locks  at  the  Sault  Sainte  Marie — 
remembers  him  as  the  inventor  of  that  system  of  artificial  navigation, 
through  which  the  greatest  commerce  of  the  world  passes  unvexed, 
there  are  hundreds  who  recall  with  admiration  the  painter  of  Mona 
Lisa  and  the  Last  Supper. 

Since  organized  co-operation  among  the  members  of  a  profession 
affords  a  stimulus  for  interest,  and  an  opportunity  for  the  increase 
and  systematization  of  learning,  which  is  essential  for  the  freest 
development  of  the  applied  sciences,  this  century,  in  which  the  pro- 
gress of  the  learning  on  which  these  sciences  is  founded,  and  the 
increase  of  the  uses  to  which  they  are  applied,  has  been,  unjarece- 
dented  in  the  history  of  the  world,  has  therefore  been  specially 
marked  by  the  birth  and  growth  of  scientific  societies  of  all  kinds. 
It  was  but  natural  that  civil  engineers  should  take  a  very  jjromi- 
nent  part  in  this  movement,  impelled  by  the  necessity  for  a  more 
complete  organization  of  their  department  of  knowledge,  and  the 
desire  for  a  common  ground  on  which  to  meet  to  comjaare  results 
and  collect  information  for  future  generalization,  and  establish  kindly 
personal  and  professional  relations.  The  lawyer,  the  doctor  and  the 
clergyman — unless  he  happens  to  be  a  missionary — find  the  scene  of 
their  labors  where  population  is  concentrated,  where  their  fellows 
are  their  neighbors,  where  libraries   are   accessible,  and   an   atmos- 
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phere  of  culture  and  learning  prevails.  On  the  other  hand,  a  large 
part— and  particularly  the  earlier  part,  when  the  social  instinct  is 
strongest — of  the  lives  of  many  engineers  is  passed  without  these 
advantages  and  alleviations.  Hence,  engineering  societies,  supply- 
ing a  want  otherwise  unsatisfied,  are  numerous  and  prosperous,  and 
the  good  civil  engineer  is  ajit  to  be  a  good  society  man. 

As  the  growth  of  i)hysical  science,  of  the  knowledge  of  the  forces 
in  Nature,  of  their  laws  and  methods  of  apjjlication  to  the  demands  of 
the  complex  civilization  of  to-day,  has  been  abnormally  rapid  in  this 
age,  that  tendency  towards  specialization,  which  is  more  or  less  ob- 
servable in  all  lines  of  life,  has  had  an  unusually  marked  eflfect  on 
our  profession.  To  acquire  such  eflScient  knowledge  of  all  that  is 
included  in  the  defijiition  of  civil  engineering  to-day  as  will  fit  one 
to  deal  with  each  or  all  of  the  problems  which  its  practice  presents, 
is  beyond  the  limit  of  a  single  life,  or  the  reach  of  a  single  mind. 
We  are  all  necessarily,  more  or  less,  specialists,  and  each  one  has, 
and  ought,  to  do  what  he  can  do  best.  The  never-ending  ex- 
amination, which  we  call  the  struggle  for  existence,  is  assigning, 
or  seeks  to  assign,  each  of  us  to  the  sj^ecial  work  for  which  he  is  best 
fitted. 

In  the  primitive  days  of  the  world,  the  wants  of  a  man  and  his 
family  were  so  few  and  simjjle  that  he  could  supply  them  all  himself, 
courting  his  wife  with  a  club  or  lariat,  building  his  shelter,  making 
his  clothing,  and  digging  or  killing  his  food.  With  the  increase  of 
personal  wants  commenced  the  division  of  labor.  So,  in  the  earlier 
days  of  the  profession,  the  demands  of  the  public  from  engineers  were 
so  few  and  progress  was  so  slow,  that  a  comi^lete  knowledge  of  the 
arts  required  to  supply  them  was  within  the  reach  of  a  man  of  good 
mechanical  ability,  combined  with  the  other  qualities  which  make  for 
success  in  life.  But  the  men  of  universal  knowledge  and  achievements, 
like  da  Vinci,  Crichton,  or  Leibnitz,  are  figures  of  the  past,  and  that 
learning  and  education  which  was  once  called  liberal  because  it  was 
free  from  limitations,  and  could  range  all  over  the  then  known  world, 
is  now  but  a  tradition.  As  the  knowledge  of  astronomy  has  displaced 
this  world,  around  which  the  sun,  and  moon  and  stellar  universe  were 
formerly  supj^osed  to  revolve  for  the  edification  of  its  inhabitants,  from 
its  central  position  to  a  subordinate  place  in  a  single  solar  system,  so 
we  are  all  co-ordinated  by  the  growth  of  scientific  knowledge,  which 
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has  consigned  the  best  of  us  to  the  use  of  but  a  few  tools,  at  most,  in 
Nature's  workshop. 

This  is  the  sufficient  reason  for  the  existence  and  prosperity  of 
numerous  societies  dedicated  to  the  study  and  practice  of  some  special 
department  of  engineering  science.  They  are  so  obviously  the  result 
of  natural  and  healthy  growth,  a  part  of  the  process  of  differentiation 
from  the  simple  to  the  complex,  under  the  laws  of  evolutionary  prog- 
ress, that  they  constitute  an  important  factor  in  the  intellectual  and 
educational  influences  of  the  profession. 

But  there  is  another  plane  of  cleavage  along  which  American  engi- 
neers divide.  The  distances  across  our  country  are  magnificent,  and 
we,  in  large  jaroportion,  are  stationed  at  the  outposts.  Frequent  re- 
sort to  a  single  and  far  distant  center  is  extremely  difficult  for  men 
whose  employment  is  so  exacting  as  that  of  the  civil  engineer,  and, 
therefore,  many  are  compelled  to  forego,  to  a  great  extent,  if  not  en- 
tirely, those  opportunities  of  social  intercourse  which  the  Society  is 
designed  to  promote  and  Avhich,  as  experience  has  showed,  contribute 
largely  to  the  success  and  interest  of  professional  life.  The  general 
recognition  of  the  necessity  for  social  and  professional  organization 
for  the  advancement  of  the  work  and  interests  of  civil  engineering, 
combined  with  an  experience  of  the  limitations  which  are  imposed  on 
some  of  the  functions  of  a  national  society  by  the  difierentiation  of  the 
sjjecial  departments  of  study  and  practice,  but  more  especially  by  the 
extent  of  the  field  over  which  its  members  are  scattered,  has  created 
a  natural  demand  for  full  and  equal  participation  in  all  the  benefits 
which  organization  can  confer,  and  has  led  to  an  increase  in  the  num- 
ber and  prosperity  of  local  societies  which  substantially  jjromotes  the 
growth  of  scientific  knowledge,  interest  and  good  fellowship. 

This  specialization  of  work  and  interests  which  has  led  to  this  sub- 
division of  the  profession  on  topical  and  local  lines  must,  therefore, 
not  only  be  accepted  as  part  of  the  natural  trend  of  events,  biit  also 
acknowledged  as  an  important  factor  in  engineering  progress.  But  it 
surely  involves  a  tendency  towards  partial  development,  and,  to  that 
extent,  is  accompanied  by  serious  peril  of  atrophy  or  degeneracy.  It 
might  ai^i^ear,  at  first  sight,  that  the  greatness  of  both  the  country 
and  of  the  profession  were  obstacles  to  the  adequate  development  of  a 
national  society.  On  the  contrary,  the  conditions  which  I  have  recited 
are  both  reasons  and  incentives  for  averting  this  peril  by  an  organiza- 
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tion  whose  chief  function  is  the  maintenance  of  the  nnity  and  dignity 
of  the  profession  by  the  advancement  of  that  general  engineering 
knowledge  upon  which  the  successful  practice  of  all  its  branches  is 
conditioned,  and  by  strengthening  the  ties  of  fellowship  among  Amer- 
ican engineers.  The  accepted  philosophy  is  that  one  law  underlies  all 
truth  and  its  phenomena.  One  phase  of  it,  the  physical  forces  in 
Nature,  is  the  foundation  of  all  civil  engineering,  and  a  general  knowl- 
edge of  them  and  their  laws  is  necessary  for  their  successful  utiliza- 
tion, in  any  department,  in  the  service  of  man.  This  conviction  of  the 
importance  of  a  liberal  education  as  the  foimdation  of  eminent  success 
in  special  branches  of  learning  is  now  modifying  the  attitude  of  other 
professions  and  educational  institutions.  The  greater  universities  of 
the  country  are  now  beginning  to  require  a  graduate's  degree,  as  a 
condition  of  entrance,  from  those  who  propose  to  follow  special  courses 
in  law,  medicine  and  theology.  The  general  movement  for  higher 
education  will,  in  time,  exact  equal  preparation  in  civil  engineering 
and  the  other  newer  professions.  Certainly  an  organization  of  edu- 
cated men,  devoted  to  the  advancement  and  ai^ijlication  of  a  useful 
science,  to  secure  for  themselves  a  common  ground  for  the  exchange 
of  information,  the  comparison  of  methods  and  results,  and  the  collec- 
tion of  material  for  future  work,  either  by  the  presentation  and  dis- 
cussion of  papers,  or  by  j^ersonal  intercourse,  may  be  considered  among 
the  most  effective  educational  agencies  of  the  time.  This  is  more  largely 
true  of  civil  engineering  than  of  other  similar  societies,  on  account  of 
their  more  frequent  meetings  and  the  regular  and  valuable  jaapers  and 
discussions  which  form  so  large  a  part  of  their  proceedings. 

Under  these  conditions,  a  national  society  is  not  only  a  part,  but 
the  head  and  front  of  a  great  system,  founded  on  the  necessity  for  gen- 
eral scientific  culture  and  the  fellowship  of  American  civil  engineers. 
It  bears  the  relation  to  other  societies  that  a  university  does  to  a  col- 
lege. It  should  supplement  and  round  out  the  work  of  those  societies 
which  specially  pursue  one  branch  of  learning  and  practice,  by 
making  its  prominent  function  the  presentation  and  illustration  of  the 
general  truth  of  engineering  science,  which  is  the  root  and  trunk  from 
which  all  the  branches  spring. 

It  represents  the  Federal  idea,  and  should  lead  the  special  and 
local  societies,  not  only  to  closer  union  among  themselves,  but  also 
with  a  central  institution,  with  the  bond  of  a  common  object,  of  a 
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love  for  all  knowledge  -wliicli  is  iuelutled  iu  the  constantly  broadening 
definition  of  civil  engineering,  and  of  kindly  professional  feeling  and 
intercourse.  Our  ranks  are  full  of  the  distinguished  members  of  the 
special  and  local  societies,  and,  in  turn,  they  have  many  members  who 
should  belong  to  us,  from  their  eminence  and  learning,  men  who  do  not 
confine  their  iutei'est  and  work  to  one  department  of  the  profession  or 
to  the  material  progress  of  one  part  of  our  common  country.  It  is  not  too 
much  to  say  that  the  prosperity  of  our  Society  is  closely  interwoven  with 
theirs,  as  the  product  of  the  same  social  and  professional  instincts. 

The  subject  of  a  closer  alliance  between  these  organizations  than 
at  present  exists  has,  on  several  occasions,  received  consideration, 
leading  to  the  conclusion,-  by  both  parties,  that  the  conditions  favor- 
able for  such  a  measure  did  not  then  exist.  They  probably  do  not 
now  exist.  But  it  seems  to  me  that  the  proper  mental  attitude  on  this 
subject  is  to  recognize,  as  a  fact,  that  some  such  alliance  is  natural 
and  desirable;  and  to  seek  to  jjromote  the  conditions  which  will  make 
it,  at  some  future  time,  practicable.  This  view  leads  to  no  conten- 
tion, for  persistence  in  the  traditions  and  i^olicy  which  have  already 
given  to  this  Society  its  great  measure  of  success,  together  with  the 
general  pressure  for  higher  education,  are  the  most  certain  means 
of  bringing  about  such  conditions. 

It  is  true  that  the  idea  of  professional  and  social  organization 
can  only  attain  its  full  development  in  a  national  society,  and  only 
then,  provided  its  membership  is  large  and  rejaresents  the  highest  grade 
of  attainments,  its  Transactions  of  wide  range  and  high  merit,  its 
library  comprehensive  and  accessible,  and  its  home  attractive. 

The  British  Institution  of  Civil  Engineers,  at  its  last  annual 
meeting,  had  under  consideration  the  revision  of  its  terms  of  ad- 
mission to  membership.  Certain  changes  were  then  made  which,  in 
the  ojainion  of  the  President,  Mr.  J.  Wolfe  Barry,  would  be  found  of 
great  value  to  the  outside  world,  since  they  would  be  a  guaranty  that  a 
member  of  the  Institiite,  wherever  found,  i^ossessed  that  amount  of 
scientific  knowledge  on  which  all  civil  engineering  must  be  based.  It 
would  also  be  of  great  value  to  the  Institiition,  raising  it,  as  a  body,  to 
its  i^roper  position,  and  enabling  it  to  keep  ijace  with  those  develoi^ments 
of  scientific  research  which  are  continually  being  brought  to  light. 

The  requirements  for  membership  of  that  great  society,  as  they 
now  exist,  may  be  described  as  ojiening  three  ways,  through  either  of 
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whicli  an  ajjplicant  may  enter  :  first,  i^rofessional  education,  teste-d 
by  examination,  combined  witli  a  j^rescribed  amount  of  practice; 
second,  a  prescribed  amount  of  practice,  with  a  professional  equipment, 
tested  by  the  presentation  of  a  satisfactory  paper  or  thesis  on  an  engi- 
neering subject;  and  third,  satisfactory  proof  to  the  Council  of  adequate 
training,  practice  and  fitness,  without  either  examination  or  thesis. 

While  this  position  shows  the  intention  of  the  British  Institution 
to  advance  professional  and  jjublic  interests  by  raising  the  standard 
of  membership,  it  may  not  be  assumed,  without  careful  consideration, 
that  a  movement  along  the  same  line  would  best  accomplish  the  same 
object  under  the  conditions  of  thought  and  practice  in  this  country. 
But  the  expediency  of  steadily  raising  the  standard  of  membership  is 
so  obvious  that  it  is  hardly  a  subject  for  discussion.  It  is  rather  a 
part  of  the  general  movement  of  the  times  for  the  advancement  of 
learning.  On  the  one  hand  the  preparation  for  practice  is  becoming 
more  difficult,  from  the  increase  of  knowledge,  and  the  duties  more 
exacting  from  the  enlargement  of  the  field  of  civil  engineering  work 
and  the  variety  and  magnitude  of  its  problems.  On  the  other  hand 
the  professional  schools  are,  year  by  year,  sending  out  men  better 
equipped  and  trained  for  work.  So  the  forces  are  applied  from  dif- 
ferent directions,  and  determine  the  path  this  Society  must  follow,  if 
for  no  higher  reason,  to  keep  in  touch  with  the  times. 

An  engineering  society,  in  the  selection  of  its  members,  cannot 
follow  strictly  academic  or  doctrinaire  lines.  They  may  come  from 
the  schools,  or  from  other  and  opposite  directions.  It  must  draw  its 
life  from  every  element,  and  it  is  entirely  likely  that  the  most  valuable 
accessions  may  be  from  unexpected  sources.  Sometimes  the  engi- 
neer, like  the  poet,  nascitw,  non  fit,  and,  occasionally,  a  profound  in- 
sight into  Nature's  laws  comes  as  did  Dogberry's  writing  and  reading. 
The  men  who  have  been  drawn  into  the  profession  by  an  irresistible 
impulse  of  genius  rather  than  by  a  carefully  regulated  training  have 
done  their  full  share  in  raising  civil  engineering  from  a  mechanic  art 
to  one  of  the  most  scientific  and  useful  of  professions.  It  must  have 
a  welcome  for  all  who  can  give  satisfactory  answer  to  the  questions: 
What  have  you  done  ?  What  can  you  do  ?  Room  must  be  made  for 
those  who  have  either  attained  eminence  by  general  practice  and 
learning,  or  in  some  sj^ecial  branch  of  engineering  science;  for  those 
who  conceive  and  promote  great  enterprises,  and  those  who  elaborate 
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the  methods  and  details ;  for  those  who  organize  the  plant  and  labor, 
and  assume  the  resijonsibility  of  their  prompt  and  economical  per- 
formance, and  those  who  enforce  their  specified  execution;  for  those 
who  administer  and  develop  transportation  and  manufacturing  enter- 
prises already  established ;  for  those  who  improve  oiir  rivers,  harbors, 
mines,  and  alluvial  and  arid  lands;  for  those  who  build  our  land  and 
sea  defences;  for  the  scholar  in  engineering,  and  for  him  who  has  been 
led,  bj  strong  natural  faculties,  to  follow  the  calling  of  a  civil  engineer. 

In  each  of  these  classes  is  to  be  found  the  required  material ;  and, 
as  the  claims  of  the  profession  for  public  confidence  are  based  on  prac- 
ticable achievement,  so  the  best  individual  claim  to  any  honor  or 
benefit  which  membership  in  the  Society  can  confer  should  rest  on 
the  work  he  who  seeks  it  has  done,  or  can  do. 

Since  the  prosperity  of  the  Society  is  so  entirely  dependent  upon  the 
character  of  its  members,  it  is  important  that  the  machinery  of  election 
should  be  of  the  most  perfect  kind.  With  this  object,  I  believe  that 
certain  changes  in  that  part  of  our  constitution  regulating  elections,, 
which  are  in  the  line  of  the  experience  of  other  large  associations  for 
social,  business,  or  scientific  purposes,  should  receive  consideration^ 
The  present  system  of  proposal  and  investigation,  the  Membership 
Committee  and  the  Blue  List,  is  entirely  good.  But,  after  them,  it  re- 
mains in  the  power  of  those  who  have  not  seen  fit  to  express  any  ob- 
jections they  may  have,  on  the  opportunity  afforded  by  the  Blue  List,  or 
of  those  whose  reasons  may  not  have  appeared  sufficient  to  the  Board 
of  Direction,  to  render  a  verdict  of  such  importance  that  a  prudent 
man  may  well  hesitate  before  he  accepts  the  risk,  no  matter  how  well 
he  may  be  qualified.  A  more  serious  view  is  that  the  present  method 
may  occasionally  admit  of  the  infliction  of  wrong  or  injustice.  I  be- 
lieve, for  these  reasons,  that  the  responsibility  of  final  election  could 
be  entrusted  to  the  Board  of  Direction  with  benefit  to  the  Society. 

The  chief  function  of  an  engineering  society  is  the  preparation,  dis- 
cussion and  publication  of  professional  papers.  They  constitute  the 
reason  for  its  existence,  and  its  claims  to  consideration.  With  us,  they 
fill  the  place  of  the  annual  reports  of  decisions  with  lawyers,  with  the 
advantage  that,  if  we  do  not  like  the  precedents  they  establish,  we  are 
at  liberty  to  improve  them. 

The  American  engineer  has  not  been  prolific  in  the  literary  work  of 
his  profession.      We  are  largely  dependent  upon  foreign  countries  for 
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its  history  and  principles.  This  is  but  a  general  statement  to  which 
there  is  an  increasing  number  of  exceptions.  It  is  probable  that  the 
nature  of  the  engagements  of  civil  engineering  in  this  country  has  not 
been  as  favorable  for  such  woi'k  as  elsewhere.  Here  it  has  been  largely 
in  new  and  remote  fields,  at  stations  where  privations  were  encoun- 
tered, where  time  was  all  important,  and  where  the  facilities  and  op- 
portunities for  literary  work  were  not  available.  It  is  also  probable 
that  in  the  past,  at  least,  a  larger  proportion  of  foreign  engineers  have 
been  equipped  with  the  necessary  academic  jireparation  and  habit. 
Therefore  the  Transactions  of  our  Society  form  the  main  body  of 
American  engineering  literature. 

The  discussions  which  form  a  large  part  of  them  are  extremely 
valuable.  It  has  been  said  that  pamphlets  are  apt  to  be  more  inter- 
esting than  books,  and  foot-notes  than  the  pages  to  which  they  refer. 
There  may  be  many  reasons  for  writing  a  book,  and  it  may  often  be 
perfunctorily  done.  But  it  is  generally  the  case  that  he  who  writes  a 
pamphlet,  or  a  foot-note,  has  something  which  he  feels  it  is  important 
to  say,  with  emphasis.  For  the  same  reasons,  it  is  fair  to  assume  that 
he  who  enters  into  a  scientific  discussion  has  opinions  which  are  the 
result  of  personal  study  and  experience,  and  which  he  is  jjrepared 
to  defend  with  clearness  and  vigor.  They  also  elicit  facts  which, 
while  they  might  not  be  sufficient  basis  for  a  separate  thesis,  are  ex- 
tremely important,  and  could  be  brought  out  in  no  other  way. 

The  Transactions  of  the  American  Society  of  Civil  Engineers  are  the 
record  of  the  history  of  American  engineering,  and  in  its  list  of  con- 
tributors are  the  names  of  those  men  who  have  made  this  history. 
These  volumes  are  the  foundation  on  which  the  high  character  of  the 
Society  rests,  and  by  their  increase  in  number  and  value  will  the 
progress  of  engineei'ing  learning  and  the  welfare  of  the  i^rofession  be 
best  assured.  The  imj^ortance  of  this  j^art  of  the  work  of  the  Society 
imposes  a  duty  on  every  member,  while  he  is  afforded  the  privilege 
of  access  to  an  audience  which  he  can  reach  in  no  other  way  than  by 
its  discharge.  The  appeal  is  thus  to  j^rofessional  pride  and  self-inter- 
est, and  to  loyalty  to  the  Society  and  his  fellow  members. 

The  occujiation  of  the  New  Society  House  will  give  oi:)portunity  for 
the  development  of  the  library  both  in  extent  and  usefulness.  The 
proposed  arrangements  for  stacking  and  reading  are  excellent. 
■WTiether    the    library  is  hereafter  to    be    open  to  the  public,  to  all 
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seeking  informatiou  ou  engineering  topics,  or  is  to  be  a  private 
storehouse  for  such  knowledge,  is  a  subject  which  seems  to  me  de- 
serving of  very  serious  consideration.  The  former  course  appeals  to 
us  by  its  liberality  and  public  spirit,  as  a  measure  for  the  general  ad- 
vancement of  learning.  I  am  informed  that  it  will  also  be  accom- 
panied by  certain  advantage,  in  a  freedom  from  taxation.  It  would 
therefore  be  in  harmony  with  the  policy  of  the  State,  for  the  promo- 
tion of  knowledge.  If,  on  the  other  hand,  it  is  decided  to  make  it  a 
close  library,  the  justification  for  this  course  would  only  be  found  in 
a  great  extension  of  the  jjrivileges  of  its  owners,  the  members  of  the 
Society,  by  facilitating  its  uses  for  them  in  every  reasonable  way.  The 
first  object  of  a  library  is  not  to  preserve  books,  but  to  get  them  to- 
gether in  iDosition  for  convenient  use.  If  this  is  so  thoroughly  done 
that  they  are  rapidly  used  up,  so  much  the  better.  Their  end  has 
been  accomplished,  and  others  can  be  j)ut  in  their  jalaces.  I  am  aware 
of  the  fact  that,  in  the  past,  the  library  has  been  open  to  those  desiring 
to  consult  it,  and  that  this  was  understood  to  some  extent.  But  in 
the  future  the  policy  of  the  Society  in  this  matter  should,  I  think,  be 
more  clearly  defined  and  widely  declared.  The  happiest  solution 
"would  combine  both  access  for  the  engineering  public,  and  extended 
special  privileges  to  members. 

Among  the  benefits  of  membership  should  be  the  opportunity  of 
conveniently  and  cheaply  securing,  by  correspondence,  an  abstract  or 
summary  of  engineering  literature  on  any  point  or  subject,  so  far  as  it 
may  be  contained  in  our  library.  I  believe  that  this  system  would 
meet  a  reasonable  want  of  many  members,  for  engineers  generally  have 
not  the  constant  opportunity  of  collecting  or  consulting  books  that 
belongs  to  more  sedentary  professions.  This  system  would  involve  an 
expense  for  which,  at  present,  the  Society  may  not  be  prepared,  and 
at  the  beginning  sufficient  fees  to  cover  the  cost  of  the  service  might  be 
required.  But  as  the  system  and  the  Society  prospered,  the  applica- 
tion of  a  part  of  its  revenues  to  the  reduction  of  these  fees  would  be  a 
proper  and  legitimate  expenditure  for  the  j^romotion  of  the  main  ob- 
ject of  the  Society,  the  increase  of  engineering  knowledge  among  its 
members. 

It  would  also  be  a  proper  subject  for  consideration,  and,  perhaps, 
of  experiment,  to  ascertain  if  a  system  of  loaning  books  to  members, 
under  certain  restrictions,  secured  by  deposit,  or  otherwise,  could  not 
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be  devised,  Avitli  a  gain  to  learning  more  than  commensurate  with  any 
loss  or  trouble  that  might  be  incurred.  The  more  modern  museums 
freely  lend  specimens  to  responsible  naturalists,  and,  M'hile  there  is, 
of  course,  a  certain  danger  of  loss,  the  advantage  to  science,  through 
the  opi^ortunity  of  investigation  thus  afforded,  more  than  counterbal- 
ances an  occasional  mishaj?.  The  same  practice  is  increasing  in  libraries. 
The  public  library  of  New  Orleans  has  now,  organized  and  in  popular 
use,  a  department,  promoted  by  special  gift,  known  as  the  "Traveling 
Library  Association. "  Under  this  system,  any  one  of  several  selected 
collections  of  fifty  standard  books  is  sent  to  any  country  town  in 
Louisiana  or  an  adjacent  State,  on  the  apiilication  of  three  citizens, 
for  a  term  of  six  months,  without  other  expense  than  the  charge  for 
expressage.  The  only  condition  attached  to  this  loan  is  that  any  loss 
or  damage,  other  than  that  from  ordinary  wear,  shall  be  made  good  by 
the  payment  of  the  cost  or  the  replacement  of  the  book,  and  that  one 
of  the  apjjlicants  shall  assume  the  duties  and  responsibilities  of  a 
local  librarian.  While  this  system  is  new  in  New  Orleans,  it  may  be 
in  common  use  elsewhere.  Of  coiirse,  in  a  museum,  types,  certain 
fossils,  and  links  in  a  series,  are  excej^ted  from  this  liberal  custom, 
just  as  certain  books,  such  as  those  out  of  print,  original  or  special 
editions,  and  some  others,  woiild  reasonably  be  excepted  in  a  library. 
I  am  aware  that  anything  of  this  kind  could  only  be  done  under  a 
system  that  would  protect  the  interest  of  the  many  from  the  careless- 
ness of  the  few,  and  the  library  from  serious  mutilation.  The  con- 
sideration of  the  practicability  of  such  extensions  of  the  benefits  of  the 
Society  is  the  limit  of  my  suggestions. 

And  now  "dost  thou  think,  because  thou  art  virtuous,  there  shall 
be  no  more  cakes  and  ale  ?  "  Shall  we  not  add  to  the  sedate  and  serious 
pleasures  of  ' '  plain  living  and  high  thinking, "  of  a  sense  of  useful  service 
faithfully  rendered,  and  of  an  active  and  honorable  share  in  the  progress 
and  civilization  of  this  wonderful  age  and  country,  the  social  pleas- 
ure of  that  friendly  intercourse  which  lightens  work,  quickens  interest, 
and  sustains  enthusiasm.  The  social  facu.lty  is  well  developed  in  the 
good  civil  engineer,  and  he  has  not  neglected,  in  this  Society,  to  jaro- 
vide  occasions  for  a  most  jiidicious  mixture,  or  blend,  of  personal 
friendships  with  professional  benefits. 

To  such  an  occasion  I  have  the  pleasure  and  honor  of  bidding  you 
welcome. 
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MEMOIES   OF    DECEASED    MEMBERS. 


JAMES   LAURIE,   Past-President  Am.   Soc.  C.  E.* 


Died  March  16th,  1875. 


James  Laurie,  the  first  President  of  the  American  Society  of  Civil 
Engineers,  was  born  at  Bells  Quarry,  near  Edinburgh,  Scotland,  on 
May  9th,  1811.  He  lived  in  Scotland  for  some  time,  and  once,  during 
his  boyhood,  when  hurt  through  some  accident,  was  found  by  Sir 
Walter  Scott,  who  was  out  fishing.  The  latter  at  once  abandoned  his 
excursion  until  he  had  secured  attention  for  the  injured  boy. 

Among  his  earliest  professional  engagements  in  this  country  was 
one  as  Associate  Engineer  with  James  P.  Kirkwood,  on  the  Norwich 
and  Worcester  Railroad.  That  line  was  constructed  under  their 
direction  in  1835  and  subsequently,  and  was  probably  the  first  road 
in  this  country  on  which  a  tunnel  was  built.  His  work  for  a  few 
years  following  the  completion  of  the  Norwich  line  has  not  been  ascer- 
tained, but  in  1848  he  was  living  in  Boston,  Mass.  At  that  time  he 
had  an  office  at  23  Railroad  Exchange  as  Consulting  Engineer  for 
railway  location  and  surveys,  dams,  bridges  and  wharves.  In  July  of 
that  year  he  assisted  in  founding  the  Boston  Society  of  Civil  Engi- 
neers, the  oldest  existing  engineering  society  in  this  country. 

Very  soon  after  this  he  became  the  Engineer  of  the  Central  Railroad 
of  New  Jersey,  and  made  plans  for  the  extension  of  the  road  from 
"Whitehouse  to  Easton,  in  1849.  He  remained  Chief  Engineer  of  this 
line  for  about  three  years. 

In  1852  he  had  an  office  at  247  Broadway,  New  York.  In  the  record 
of  attendance  at  the  meeting  at  which  this  Society  was  organized,  his 
name  is  first.  He  was  one  of  the  leading  spirits  of  the  Society  during 
its  first  two  years,  and  held  the  office  of  President  for  fifteen  years. 

At  the  Annual  Meeting  of  the  Society,  held  November  6th,  1867, 
the  following  resolution  was  j^assed : 

"  Resolved,  That  we  tender  our  thanks  to  Mr.  James  Laurie  for  his 
faithful  services  as  our  President,  for  his  eff'orts  to  re-establish  and  re- 
organize this  Society  on  a  basis  which  gives  promise  of  a  successful 
and  useful  continuance,  and  particularly  for  his  care  of  our  funds,  to 
which  we  are  greatly  indebted  for  our  present  unencumbered  and 
hopeful  condition." 

It  is  interesting  to  notice  in  this  connection  that  the  original  con- 
stitutions of  this  Society  and  of  the  Boston  Society  of  Civil  Engineers 

*  Memoir  prepared  from  papers  on  file  in  the  Library  of  the  Society,  and  information 
furnished  by  J .  W.  Adams,  W.  E.  Worthen,  Walter  Katte,  C.  H.  Myers,  Clemens  Her- 
schel  and  G.  H.  Bishop,  Members  Am.  Soc.  C.  E.,  and  Mr.  Samuel  Nott. 
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are  alike  in  many  respects,  whicli  apparently  indicates  that  Mr.  Lau- 
rie's experience  at  the  time  of  the  founding  of  the  Boston  association 
proved  useful  to  this  Society  during  its  organization. 

In  1855  and  1856  he  made  a  number  of  examinations  of  bridges  in 
New  York  for  the  State  authorities.  In  1858  he  was  emjjloyed  by  the 
Province  of  Nova  Scotia  under  a  resolution  requiring  the  employment 
of  a  comijetent  engineer  to  report  fully  on  the  condition  of  the  Nova 
Scotia  Railway,  the  sum  it  should  have  cost  and  the  expense  of  various 
extensions,  besides  matters  relating  to  the  operation  of  the  lines.  In 
1859  and  1860  he  was  Engineer  of  this  railway,  and  prepared  plans  for 
various  extensions. 

In  1862  he  made  elaborate  surveys  and  a  voluminous  rejiort  on 
the  Troy  and  Greenfield  Railroad  and  the  Hoosac  Tunnel,  and  was 
retained  as  Consulting  Engineer  on  this  work  by  the  State  of  Massa- 
chusetts for  several  years. 

It  was  in  1862,  also,  while  Chief  Engineer  of  the  New  Haven,  Hart- 
ford and  SiDringfield  Railroad,  that  he  designed  what  is  probably  his 
greatest  work,  the  bridge  across  the  Connecticut  River  at  Warehouse 
Point  on  the  line  of  the  New  York,  New  Haven  and  Hartford  Railroad. 
The  iron  work  for  this  structure  was  bought  in  England,  Mr.  Laurie 
having  gone  there  for  the  purpose  and  made  a  contract  with  William 
Eairbairn  &  Company  of  Manchester.  It  is  a  notable  American  ex- 
ample of  riveted  bridge  work,  one  of  its  spans  being  177.25  ft.  long. 
Its  many  years  of  service  cast  no  discredit  upon  its  designer,  when  the 
increase  in  weight  of  rolling  stock  since  1862  is  considered,  and 
esjDecially  when  it  is  understood  that  it  is  still  in  service  on  one  of  the 
main  trunk  lines  of  the  country,  while  most  bridges  of  the  same  age 
of  a  different  form  of  structure  have  passed  out  of  existence.  The 
cost  of  the  bridge,  erected  and  completed,  was  12.38  cents  per  pound 
in  gold. 

After  the  completion  of  this  bridge  in  1866  it  is  believed  that  Mr. 
Laurie  spent  his  remaining  days  at  Hartford.  He  was  a  bachelor 
and  lived  at  the  Allyn  House.  He  was  sometimes  retained  to  report 
on  various  engineering  works,  among  these  engagements  being  an  ex- 
amination of  the  Lyman  Viaduct  on  the  Air  Line  Railroad  about  1870, 
and  an  examination  of  the  Eads  Bridge  at  St.  Louis  for  the  bond- 
holders, but  as  he  had  acciimulated  considerable  property  he  lived 
practically  in  retirement  until  his  death  on  March  16th,  1875.  He 
had  been  ill  for  some  time,  and,  though  not  confined  to  his  room,  was 
under  the  care  of  a  physician. 

He  was  buried  in  the  Cedar  Hill  Cemetery  at  Hartford  and  a 
granite  monument  about  25  ft.  high  was  erected  on  the  spot.  On  one 
side  of  this  monument  there  is  a  bronze  likeness  of  Mr.  Laurie,  with 
an  inscription  below  ending:  "  By  his  talents  and  industry  he  gained 
the  foremost  rank  in  his  profession." 
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His  personal  clerk  and  draftsman  during  the  extension  of  the  Cen- 
tral Railroad  of  New  Jersey  in  1850-52  was  Walter  Katte,  M.  Am.  Hoc. 
C.  E. ,  who  pays  the  following  tribute  to  his  engineering  ability: 

"  I  have  always  felt  the  deepest  resiDeet  and  gratitiide  for  the  great 
benefit  I  derived  from  my  experience,  short  as  it  was,  under  him.  I 
learned  a  great  many  lessons  at  that  time  which  have  been  of  iucalcii- 
lable  benefit  to  me  since,  especially  in  his  exactitude  of  office  methods 
and  the  sterling  excellence  of  his  designs  in  engineering  practice. 
Had  he  lived  m  this  ej^och,  instead  of  half  a  century  earlier,  he  would 
have  assuredly  been  found  in  the  forefront  of  our  present  heaviest  and 
most  important  engineering  enterprises." 


MAX  JOSEPH  BECKER,  Past-President  Am.  Soc.  C.  E.* 


Died  August  23d,  1896. 


Max  Joseph  Becker  was  born  at  Coblenz,  Germany,  June  20tli,  1828, 
and  was  educated  in  the  schools  of  Coblenz,  and  at  the  University  of 
Bonn. 

After  leaving  the  University,  he  passed  the  requisite  examinations 
for  admission  to  service  on  the  Government  Railroad  surveys,  and  in 
1848  began  his  jirofessional  career  on  the  Cologne  and  Minden  Rail- 
road in  the  caj^acity  of  "  engineer's  apjjrentice  "  (rodman),  with  head- 
quarters at  Hamm,  in  Westphalia. 

This  Avork  was  interrupted  by  the  Rebellion  of  1848,  and  by  reason 
of  his  connection  therewith  he  was  compelled  to  leave  Germany, 
along  with  such  men  as  Frederick  Hecker,  Carl  Schurz,  Franz  Sigel, 
August  Willich,  and  others,  whose  enforced  exile  has  been  our  coun- 
try's gain. 

After  a  brief  sojourn  in  Switzerland,  he  came  to  the  United  States, 
landing  in  New  York  in  1850.  His  first  year's  residence  in  this  coun- 
try was  a  struggle  for  a  foothold,  during  which  he  tried  various  lines 
of  employment,  among  others,  making  surveys  in  Connecticut  for  a 
map-publishing  house,  as  draftsman  in  an  engraving  establishment, 
and  even  tried  his  hand  at  journalism  on  the  staff  of  the  Abendzeitung. 

In  December,  1851,  he  entered  the  service  of  the  Steubenville  and 
Indiana  Railroad  at  Steubenville,  Ohio,  under  Jacob  Blickensderfer, 
Jr.,  M.  Am.  Soc.  C.  E.,  Chief  Engineer.  His  first  service  with  this 
company  was  as  a  draftsman,  but  this  was  soon  changed  to  transitman 
on  location,  and  then  to  Resident  Engineer  on  construction,  in  which 
capacity  he  continued  until  the  completion  of  the  road  in  1854. 

*  Memoir  prepared  by   William  Metcalf.  Thomas  H.  Johnson  and  Samuel  Rea,  Members 
Am.  Soc.  C.  E. 
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From  1854  to  1856  be  lield  no  salaried  position,  doing  sxicli  profes- 
sional work  as  offered,  and  occupying  a  part  of  his  time  in  making  and 
publishing  a  map  of  Coshocton  County,  Ohio. 

In  1856  he  entered  the  service  of  the  State  of  Ohio  as  Resident 
Engineer  on  the  Ohio  Canal,  and  continued  in  that  position  until 
1859. 

From  1859  to  1861  be  was  Resident  Engineer  on  the  Marietta  and 
Cincinnati  Railroad  in  charge  of  location  and  construction.  During 
this  time  he  also  rebuilt  a  suspension  bridge  over  the  Scioto  River,  at 
Portsmouth,  Ohio,  which  had  been  destroyed  by  the  undermining  of 
one  tower  during  a  flood. 

During  the  presidential  campaign  of  1860  Mr.  Becker  took  a  lively 
interest  in  the  success  of  the  Republican  party,  and  made  numerous 
speeches  in  German  in  various  towns  and  cities  of  Southern  Ohio,  where 
the  German  element  was  strong.  In  ai^preciation  of  this  Abraham 
Lincoln  commissioned  him  Postmaster  at  Portsmouth,  Ohio.  But  the 
drudgery  and  the  red-tape  methods  of  that  office  were  not  suited  to 
his  taste,  and  in  1862  he  resigned  the  office  and  again  took  service 
under  his  former  chief,  Mr.  Jacob  Blickensderfer,  Jr.,  at  that  time 
Chief  Engineer  of  the  Pittsburgh  and  Steubenville  Railroad.  Mr. 
Becker  was  placed  in  charge  of  construction  of  the  Steubenville 
Bridge  and  its  approaches,  one  of  the  most  important  structures 
crossing  the  Ohio  River,  and  subsequently  rebuilt  by  him. 

In  1863  he  again  went  to  the  Marietta  and  Cincinnati  Railroad  to 
take  charge  of  the  location  and  construction  of  its  extension  from  Love- 
land,  Ohio,  to  Cincinnati.  His  connection  with  this  railroad  company 
continued  until  1867,  when  he  became  Chief  Engineer  of  the  Steuben- 
ville and  Indiana  Railroad,  which  position  he  continued  to  fill  in  the 
various  companies  formed  by  its  consolidation  with  other  roads  until 
he  at  length  had  charge  of  the  entire  system  of  the  Pittsburgh,  Cincin- 
nati, Chicago  and  St.  Louis  Railway.  For  nearly  thirty  years  he  not 
only  discharged  the  resj^onsible  duties  entrusted  to  him  with  rare 
fidelity  and  ability,  but  won  the  confidence  and  affection  of  his  associ- 
ates. To  the  professional  acquirements  which  made  his  judgment  of  such 
pronounced  value,  he  brought  a  long  experience,  a  well-balanced  mind 
and  a  fund  of  sound  common  sense,  which  were  of  the  greatest  service 
in  the  solution  of  the  many  important  problems  that  confronted  him 
from  time  to  time  in  his  railway  career. 

In  January  last  the  Board  of  Directors  sought  to  make  his  declining 
years  easier,  and  to  that  end  relieved  him  of  some  of  his  duties,  and 
changed  his  title  to  "Consulting  Engineer  and  Real  Estate  Agent. " 
But  the  disease  which  finally  carried  him  off  had  even  then  laid  its  hand 
upon  him,  and  he  was  not  permitted  to  enjoy  the  rest  from  labor  con- 
templated by  this  act.  After  a  brave  fight,  marked  by  his  usual  cheer- 
ful serenity,  he  succumbed  on  August  23d,  and  the  world  lost  a  gallant^ 
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honest  gentlemau,  wlio  had  reflected  credit  upon  his  profession  and  who 
left  a  name  without  a  shadow  of  stain  or  reproach. 

The  above  record  is  siifficient  to  show  the  power  and  character  of 
the  man,  who,  coming  to  this  country  a  political  refugee,  almost  un- 
known and  nearly  penniless,  at  once  went  to  woi'k  ardently,  at  what- 
ever his  hand  could  find  to  do,  to  make  his  own  living  and  to  be 
dependent  upon  no  one.  In  social  moments,  when  led  to  speak  of  his 
early  struggles,  his  account  was  of  great  interest  ;  he  threw  into  it  a 
strain  of  humor  which  would  have  made  it  laughable  if  it  had  not  been 
really  pathetic.  No  attempt  of  ours  to  repeat  his  tale  could  do  it  jus- 
tice, because  it  would  be  impossible  to  reproduce  his  inimitable  style  ; 
it  is  sufficient  to  say  that  his  marked  success  and  steady  rise  from  ob- 
scurity to  the  highest  plane  of  his  profession,  where  he  found  himself 
at  home,  should  be  an  enduring  encouragement  to  all  struggling  young 
men  who  may  sometimes,  under  pressure  of  a  hard  fight,  get  the  mis- 
taken notion  into  their  heads  that  the  world  is  against  them. 

Mr.  Becker's  professional  and  personal  standing  among  engineers 
was  of  the  highest ;  he  was  an  honored  and  beloved  member  of  the 
Engineers'  Society  of  Western  Pennsylvania  ;  he  was  a  member  of  its 
Board  of  Direction  for  many  years.  President  for  several  terms,  and 
most  useful  in  every  way. 

Mr.  Becker  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  August  7th,  1872,  and  was  made  its  President  in  1889.  At 
the  time  of  his  election  his  personal  acquaintance  in  the  Society  was 
not  very  large,  and  some  questions  were  asked ;  before  his  term  had 
expired  he  had  won  all  hearts,  as  he  always  did  wherever  he  came  into 
touch  with  people.  Mr.  Becker  was  more  than  an  able  engineer,  he 
was  a  man  of  force,  a  gentleman,  genial  and  witty,  kind  and  sympa- 
thetic, always  ready  to  lend  a  helping  hand.  A  man  without  malice 
or  guile,  he  had  no  time  for  animosities,  and  his  memory  will  ever 
remain  in  the  minds  of  all  who  knew  him. 


THEODORE  G.  ELLIS,  M.  Am.  Soc.  C.  E.* 


Died  Jaijuary  9th,  1883. 


Theodore  G.  Ellis  received  his  early  technical  training  in  the  office 

of  a  Boston  civil  engineer,  where  he  was  engaged  in  minor  capacities 

on  a  number  of  railroad  surveys.     In  1854  he  moved  to  Connecticut  to 

accept  an  appointment  as  Assistant  Engineer  of  the  Hartford,  Provi- 

*  Memoir  prepared  from  papers  on  file  at  the  House  of  the  Society. 
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(ienee  and  Fishkill  Railroad.  He  was  placed  in  charge  of  a  surveying 
party,  and  afterwards  of  the  construction  of  the  line  from  Bristol  to 
Plymouth.  When  this  engagement  was  completed,  he  visited  Mexico 
to  report  on  mining  properties  for  Boston  parties,  and  one  of  his 
pajjers  before  the  Society  contains  a  description  of  the  Mexican 
method  of  making  hard  lime  floors  which  he  observed  during  his  trip. -' 

On  returning  to  the  United  States  in  1861  he  was  engaged  on  a 
survey  of  Boston  Harbor  and  afterwards  opened  an  office  in  Hartford, 
Conn.,  as  a  surveyor.  The  next  year  he  enlisted  in  the  Fourteenth 
Connecticut  infantry  and  served  in  many  engagements  during  the  civil 
war,  among  them  Chancellorsville,  Antietam  and  Cold  Harbor.  He 
was  frequently  promoted,  and  before  the  close  of  the  war  had  been 
breveted  Brigadier-General. 

When  peace  was  restored,  General  Ellis  returned  to  Hartford  and 
resumed  his  engineering  work.  He  was  engaged  in  1867  to  make  a 
reconnaissance  of  such  jiortions  of  the  Connecticut  River  below  Hart- 
ford as  required  improvement,  and  in  this  manner  became  connected 
with  the  hydraulic  works  on  which  his  reputation  was  chiefly  founded. 
He  was  engaged  on  the  improvements  of  this  river  for  many  years. 

One  of  his  best  known  expei'imental  works  was  the  investigation  of 
the  flow  of  water  through  large  orifices,  which  he  conducted  during 
the  summer  of  1874  at  Holyoke,  Mass. ,  with  the  assistance  of  Stephen 
Holman,  F.  Am.  Soc.  C.  E.  This  work  was  described  in  a  papery 
read  before  the  Society,  which  was  awarded  the  Norman  Medal,  being 
the  second  to  receive  that  distinction. 

General  Ellis  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  February  17th,  1869,  and  a  Fellow  on  November  21st, 
1872.  He  was  Vice-President  from  November,  1873,  to  November, 
1877,  and  a  Director  during  1878.  He  served  on  many  committees  of 
the  Society.  Among  them  were  two  appointed  to  investigate  the 
faihire  of  dams  at  Mill  River  and  Worcester  respectively,  his  asso- 
ciates on  the  committee  for  the  first  being  James  B.  Francis  and  Will- 
iam E.  Wortheu,  and  on  the  second  David  M.  Greene  and  William  W^. 
Wilson.  In  December,  1875,  he  was  appointed  Chairman  of  a  Com- 
mittee on  "American  Engineering  at  the  Centennial  Exposition," 
M'hich  was  subsequently  enlarged  and  changed  to  the  Centennial  Com- 
mission of  the  American  Society  of  Civil  Engineers.  At  the  eighth 
convention  of  the  Society,  held  at  Philadelphia  during  the  Centennial 
Exposition,  he  delivered  the  opening  address,  which  was  entitled 
"  The  Rise  and  Progress  of  American  Engineering,  "j 

He  was  a  frequent  contributor  to  the  professional  discussions  of  the 
Society  and  presented  the  following  papers  in  addition  to  those  previ- 

*See  Transactions,  Vol.  ii,  p.  179. 
1  See  Transactions,  Vol.  v,  p.  19. 
J  See  Proceedings,  Vol.  ii,  p.  13. 
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oiisly  mentioned  :  "  Tlie  Aneroid  Barometer  and  its  Use  in  Estimating 
Altitudes,"  Volume  I,  page  277  ;  "  Experimental  Strains  upon  a  Bow- 
string Trussed  Girder,"  Volume  II,  page  107;  "Causes  of  Forma- 
tion of  Bars  at  River  Mouths,"  Volume  II,  page  23  ;  "  The  Flow  of 
Water  in  Open  Channels,"  Volume  VI,  page  250. 

General  Ellis  died  at  Hartford,  Conn.,  on  January  9th,  1883,  in  his 
fiftv-third  year. 


FREDERICK  JANVRIN    CARREL,  M.  Am.  Soc.  C.  E. 


Died  May  2d,  1894. 


Frederick  Janvrin  Carrel  was  a  native  of  St.  Aiibin,  Jersey,  Eng- 
land, where  he  was  born  on  October  16th,  1852.  After  receiving  an 
education  at  Cardiff  and  Malvern,  he  sailed  from  England  for  South 
Australia.  Early  in  1870  he  obtained  employment  as  Draftsman  and 
Assistant  in  the  office  of  the  Engineer-in-Chief  of  the  colony,  and  was 
engaged  upon  plans  and  parliamentary  estimates  for  the  Georgetown 
and  Kapunda,  and  Narracourt  and  Lacepede  Bay  and  other  railways, 
and  for  harbor  and  bridge  works. 

In  1876  he  resigned  and  came  to  this  country.  His  first  work  was 
on  the  surveys  for  the  West  Side  Irrigation  and  Navigation  Canal,  in 
California,  and,  after  the  completion  of  the  lield  work,  was  employed  in 
the  office  on  plans  and  estimates  of  this  canal.  Later,  he  was  engaged 
on  the  jjlans  and  estimates  of  the  Feather  River  Water  Company, 
which  proposed  to  construct  a  system  of  water-wo"rks  supplying  San 
Francisco.  Then  he  oj^ened  an  office  in  San  Francisco  as  Consulting 
Engineer,  and  made  maps,  sewer  plans  and  mine  and  I'iver  surveys  for 
some  time. 

In  March,  1881,  he  was  employed  by  the  United  States  Government 
on  the  Cascades  Canal,  in  Oregon,  and  was  promoted  to  the  position  of 
First  Assistant  Engineer,  remaining  in  this  service  until  May,  1886. 
He  then  moved  to  Portland,  Ore.,  where  he  established  the  Portland 
Smelting  Works,  and  became  interested  in  the  purchase  and  sale  of 
mining  properties  and  ore.  This  business  occupied  most  of  his  atten- 
tion until  his  death,  which  occurred  at  Spokane,  Wash. ,  on  May  2d, 
1894.  In  1890,  he  was  associated  with  Mr.  Oskar  Huber  in  the  con- 
struction of  the  water-works  at  Cheney,  Wash. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  March  5th,  1884. 

*  Memoir  prepared  from  papers  on  file  at  the  House  of  the  Society. 
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CALEB  GOLDSMITH  FORSHEY,  M.  Am.  Soc.  C.  E.^ 


Died  JuiiY  25th,  1881. 


Caleb  Goldsmitli  Forsliey  was  born  on  July  18th,  1812,  in  Somerset 
County,  Pa.  He  was  educated  at  Kenyon  College,  Gambler,  O.,  and 
at  the  United  States  Military  Academy  at  West  Point,  Grant  and 
Sherman  being  cadets  at  the  latter  school  at  the  same  time. 

After  leaving  West  Point  he  resided  in  Natchez,  Miss. ,  where  he  be- 
came City  Engineer,  and  was  later,  1836-38,  Professor  of  Mathematics 
and  Civil  Engineering  at  Jefferson  College,  Washington,  Miss.  From 
1847  to  1853  he  resided  in  the  town  of  Carrollton,  now  a  part  of  New 
Orleans,  and  held  the  position  of  Town  Surveyor.  During  1852  and 
1853  he  was  also  connected  with  the  United  States  Topographical 
Survey  of  the  Mississijipi  Delta. 

He  left  New  Orleans  in  1853  to  open  a  military  academy  at  Euters- 
ville,  Tex. ,  which  he  conducted  until  1861.  When  the  civil  war  began, 
he  entered  the  Confederate  army,  although  previously  opposed  to 
secession,  and  rose  to  the  rank  of  Lieutenant-Colonel  of  Engineers. 
He  was  in  charge  of  the  defences  of  Galveston  at  the  time  of  the  cap- 
ture of  that  city.  After  the  war  was  over,  he  held  the  position  of 
Chief  Engineer  of  the  Galveston,  Houston  and  Henderson  Railroad  until 
his  return  to  New  Orleans  in  1872. 

He  then  began  his  active  work  in  connection  with  the  improvements 
of  the  lower  course  of  the  Mississippi  River,  Avhich  occupied  most  of 
his  attention  until  his  death,  and  mainly  established  his  rejDutation  as 
an  engineer.  Records  of  his  work  are  given  in  the  "Report  ui3on  the 
Physics  and  Hydraulics  of  the  Mississippi  River  "  by  Humphreys  and 
Abbot,  in  the  proceedings  of  the  Levee  Commission  of  1874,  and  the 
reports  of  the  Louisiana  Levee  Commission,  of  which  he  was  a  mem- 
ber. He  was  among  the  first  observers  to  collect  data  relating  to  the 
physics  of  the  Mississippi  River,  and  was  placed  in  charge  of  a  hydro- 
metrical  party  in  the  vicinity  of  New  Orleans  by  Humphreys  and 
Abbot. 

He  was  one  of  the  founders  of  the  New  Orleans  Academy  of 
Sciences,  its  first  Vice-President,  and  chairman  of  the  Sections  of 
Meteorology  and  Civil  Engineering.  He  presented  several  elaborate 
papers  on  the  currents  of  the  Mississippi  to  that  organization  and  was 
among  the  first  to  draw  attention  to  the  possibility  of  improvements 
at  the  mouths  of  that  river.  He  was  an  advocate  of  the  St.  Philip 
canal  project  and  opposed  the  Eads  jetty  system. 

*  Memoir  prepared  from  information  furnished  by  B.  M.  Harrod,  G.  A.  Quinlan  and 
William  Starling.  Members  Am.  Soc.  C.  E. 
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Possessed  of  au  iron  constitution  and  determined  will,  he  was  un- 
tiring in  his  work  and  indefatigable  in  his  desire  to  accomplish  some 
good  for  the  welfare  of  the  public,  often  losing  sight  of  his  personal 
interests  in  so  doing.  With  a  mind  jarone  to  and  trained  in  scientific 
methods,  he  was  charitable  in  his  opinions  on  everything  honestly  pro- 
posed, but  merciless  in  his  open  contempt  of  all  that  was  false  or 
insincere.  This  last  trait  of  his  character  militated  against  a  wide 
personal  popularity  which  his  worth  fully  merited. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engineers 
on  August  7th,  1872,  and  contributed  two  papers  to  its  Transactions, 
one  entitled  "The  Levees  of  the  Mississippi  River,"  and  the  other 
' '  Cut-Offs  on  the  Mississippi  River. "  He  died  in  New  Orleans  on  July 
25th,  1881. 


EDMUND  FRENCH,  xM.  Am.  Soc.  C.  E.* 


Died  July  7th,  1860. 


Edmund  French,  the  fifteenth  Member  of  the  American  Society  of 
Civil  Engineers,  was  a  native  of  Connecticut,  and,  like  many  of  his 
contemporaries  engaged  in  railway  engineering,  received  a  military 
education. 

He  was  graduated  from  the  United  States  Military  Academy  at  West 
Point  as  the  seventh  member  of  the  class  of  1828,  being  a  classmate  of 
Professor  Albert  E.  Church,  the  eminent  mathematician.  He  was  as- 
signed to  the  artillery  branch,  and  in  1828-29  was  on  duty  at  the  Ar- 
tillery School  at  Ft.  Monroe,  Va.  He  was  then  assigned  to  topographi- 
cal work  and  remained  on  this  service  until  1833,  when  he  returned 
to  Ft.  Monroe.  In  1833-31  he  was  stationed  in  Creek  Nation,  but  re- 
turned to  Ft.  Monroe  again  in  about  a  year,  where  he  remained,  except 
for  a  short  stay  at  Ft.  King,  Fla.,  tin  til  his  resignation  from  the  service 
in  May,  1836.  At  the  time  of  his  resignation  he  was  a  First  Lieuten- 
ant of  Artillery. 

In  civil  engineering,  he  had  a  varied  experience.  In  1836-38  he  was 
Assistant  Engineer  of  the  Croton  Aqueduct  of  New  York,  and  in  1838- 
47  Superintending  Engineer  of  the  Croton  Dam  and  the  Upper  Section 
of  the  Croton  Aqueduct.  From  1817  to  1852  he  was  Resident  Engineer 
of  the  Hudson  River  Railroad,  and  its  General  Superintendent  in  1852- 
57.  During  1852  he  was  also  Superintendent  of  Machinery  and  Me- 
chanical Engineer  of  this  road.  These  duties  did  not  occupy  all  his 
time,  however,  for  he  was  General  Superintendent  of  the  Troy  and 
Albany  Railroad  in  1851-57,  Chief  Engineer  of  the  Newburgh,  N.  Y. , 

*  Memoir  prepared  from  information  in  -'The  Biographical  Register  of  the  Gradu- 
ates of  the  United  States  Military  Academy."  by  General  G.  W,  CuUom. 
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Water- Works  in  1852-57,  and  Chief  Engineer  of  the  Troy  Union  Rail- 
road in  1852-57. 

In  1857-59  he  was  Assistant  Superintendent  of  the  Treasury  Build- 
ing Extension  at  Washington,  D.  C 

He  died  on  July  7th,  1860,  aged  53  years,  at  Georgetown,  D.  O. 
He  became  a  Member  of  the  American  Society  of  Civil  Engineers  on 
November  26th,  1852.      

HENRIQUE  HARRIS,  M.  Am.  Soc.  C.  E.* 


Died  Ootobeb  10th,  1882. 


Henrique  Harris  was  born  in  1837,  and  graduated  from  the  Rensse- 
laer Polytechnic  Institute  in  1861.  He  engaged  in  mercantile  pursuits 
until  1870,  when  he  entered  the  service  of  the  Department  of  Public 
Works  of  Brooklyn,  N.  Y.,  in  the  capacity  of  District  Engineer.  He 
remained  in  this  position  until  July,  1873,  when  he  resigned  to  take 
charge  of  the  public  works  in  New  Brunswick,  N.  J.,  under  the  Com- 
missioners of  Street  and  Sewers  of  that  city.  This  position  he  held 
until  the  fall  of  1878.  On  March  9th,  1879,  he  was  appointed  Chief 
Engineer  of  the  New  York  and  Manhattan  Beach  Railway,  and  held 
this  position  for  some  time.     He  died  October  10th,  1882. 

Mr.  Harris  was  elected  a  member  of  the  American  Society  of  Civil 
Engineers,  December  3d,  1873. 


ARTHUR  MACY,  M.  Am.  Soc.  C.  E.f 


Died  Apkil  14th,  1891, 


Arthur  Macy  was  about  twenty-five  years  of  age  when  he  became  a 
Junior  of  the  American  Society  of  Civil  Engineers  in  1877.  He  was  a 
graduate  of  the  School  of  Mines  of  Columbia  College,  in  the  class  of 
1875,  and  was  subsequently  an  Assistant  in  the  Department  of  Assaying 
in  that  institution  for  about  two  years.  During  the  spring  and  summer 
of  1876,  he  varied  this  work  for  a  short  time  by  acting  as  Engineer  in 
charge  of  certain  harbor  improvements  at  Sodus  Point,  N.  Y. ,  which 
were  being  made  by  the  Ontario  Southern  Railroad  Company.  For  a 
short  time  in  1877  he  was  Night  Superintendent  of  the  works  of  the 
Pennsylvania  Lead  Company  at  Mansfield  Valley,  Pa.,  but  was  com- 
pelled to  resign  this  j)osition  on  account  of  poor  health. 

After  a  few  months  spent  in  rest  and  mechanical  experimenting,  he 

became  Superintendent  of  the  Kings  Mountain  Mining  Company  of 

*  Memoir  prepared  from  papers  on  file  at  the  House  of  the  Society. 
t  Memoir  prepared  from  papers  on  file  at  the  House  of  the  Society. 
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North  Carolina.  There  he  remaiued  for  about  a  year  and  a  half,  sink- 
ing new  works,  rebuilding  mills,  and  mining  and  milling  ore.  Then  he 
went  to  Colorado  and  became  Superintendent  of  the  Pride  of  the  West 
Consolidated  Mining  Company  and  of  the  Silver  Mountain  Mining 
Company.  In  the  spring  and  summer  of  1882  he  designed  and  built 
the  works  of  the  Martha  Rose  Smelting  and  Mining  Comjjany,  of  which 
he  was  Manager  until  ill  health  compelled  him  to  take  another  rest. 

In  the  fall  of  1883  he  became  superintendent  of  the  Silver  King 
Mining  Comj^any  at  Silver  King,  Pinal  County,  Ariz.,  where  he  made 
many  improvements  in  the  mining  plant. 

Mr.  Macy  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  July  12th,  1877,  and  a  Member  on  December  2d,  1885. 


CHARLES  LE  GRAND  McALPlNE,  M.  Am.  Soc.  C.  E.* 


Died  Januaky  11th,  1884. 


Charles  Le  Grand  McAlpiue  was  born  in  Albany,  N.  Y.,  and  was 
educated  at  the  well-known  Albany  Academy.  For  many  years  he  was 
in  the  Engineer  Department  of  the  State  of  New  York  and  filled  various 
jaositions  of  responsibility  in  the  reconstruction  and  enlargement  of 
the  Erie  and  other  canals  of  that  State.  He  was  also  in  charge 
of  the  construction  of  several  railroads,  and  his  last  active  direction  of 
location  and  construction  was  of  the  Albemarle  and  Raleigh  road  in 
North  Carolina,  now  a  part  of  the  Atlantic  Coast  line. 

His  father  was  connected  with  the  construction  of  some  of  the  first 
railway  and  canal  works  in  the  United  States,  and  was  associated  with 
John  B.  Jervis,  Hon.  M.  Am.  Soc.  C.  E.,  in  the  construction  of  the 
Delaware  and  Hudson  Canal  and  Railroad.  The  elder  brother  of 
Charles  was  William  Jarvis  Mc Alpine,  the  third  President  of  the 
Society,  and  afterwards  an  Honorary  Member.  His  extended  profes- 
sional works  and  his  aggressive  individuality  have  made  his  name 
notable  among  American  civil  engineers.  Charles  was  of  a  more  retir- 
ing disposition,  with  much  reserve  and  dignity  of  character.  With  a 
large  experience  and  a  trained  judgment  in  engineering  problems,  he 
never  sought  notoriety.  He  was,  however,  a  capable  adviser  in  works 
of  importance,  and  his  aid  and  counsel  as  consulting  engineer  were 
constantly  sought  by  managers  and  investors  in  large  undertakings. 

For  a  number  of  years  he  Hved  in  the  city  of  New  York,  acting  as 
consulting  engineer.  He  died  in  that  city,  Januai'v  11th,  1884.  His 
widow  was  the  daughter  of  the  late  Thomas  Farrington  of  Tioga 
County,  N.  Y.     Mr.  McAlpine  became  a  member  of  the  Society  Decem- 

ber4th,  1867. 

*  Memoir  prepared  by  John  Bogart,  M.  Am.  Soc.  C.  E. 
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ROBERT  NEILSON,  M.  Am.  Soc.  C.  E. 


Died  October  12th,  1896. 


Ou  tlie  northern  shore  of  Lake  Ontario,  about  25  miles  west  of 
Kingston,  is  the  hamlet  of  Sandhurst,  known  also  as  Fredericksburg, 
situated  in  Lennox  County,  Province  of  Ontario,  Canada.  In  this 
place  Robert  Neilson  was  boi-n,  August  19th,  1837.  His  parents 
were  Thomas  and  Eliza  Neilson,  his  father's  occupation  being  that  of 
a  farmer. 

His  boyhood  was  spent  on  the  farm,  and  when  he  became  old  enough 
he  took  active  part  in  the  details  and  management  of  the  work.  His 
early  education  was  received  in  the  schools  of  his  native  place,  and  the 
improvement  of  his  opjjortunities  fitted  him  at  the  age  of  19  to  become 
a  teacher.  He  taught  in  the  schools  of  Fredericksburg  from  1856  to 
1858,  and  at  the  same  time  prejiared  himself  for  entrance  to  the  Poly- 
technic Institute,  at  Troy,  N.  Y.,  where  he  began  his  course  in  the  fall 
of  1858.  He  was  graduated  from  this  institution  in  the  summer  of  1861, 
and  returned  to  his  home  intending  to  follow  his  chosen  profession  of 
civil  engineering  in  his  native  coiantry. 

He  made  efforts  to  obtain  employment  under  the  Canadian  govern- 
ment, but  finding  that  considerable  time  was  necessary  to  effect  this 
purjjose,  he  again  found  occupation  in  farming  and  as  a  teacher  in  the 
schools  of  Napanee,  near  his  father's  home.  This  occupied  the  year 
1862  and  part  of  1863. 

In  October,  1863,  he  came  to  the  United  States  and  entered  the 
service  of  the  Pennsylvania  Railroad  Comjiany  as  rodman  on  the  con- 
struction of  the  PhiladeljDhia  and  Erie  Railroad,  which  was  oj^ened 
about  a  year  later.  In  March,  1864,  he  was  appointed  Assistant  to 
Mr.  A.  J.  Cassatt,  then  Resident  Engineer  of  the  Middle  Division  of  the 
Philadelphia  and  Erie  Railroad  between  Renovo  and  Kane,  Pa.  In 
September,  1865,  he  was  chosen  to  succeed  Mr.  Cassatt  as  Resident 
Engineer,  and  it  was  during  his  residence  at  Renovo  that  he  married 
Elizabeth  J.  Wright,  June  25th,  1866.  His  ability  as  an  engineer  was 
again  recognized  by  his  apj^ointment,  January  1st,  1868,  to  the  joosition 
of  Resident  Engineer  of  the  Middle  Division  of  the  main  line  of  the 
Pennsylvania  Railroad  between  Harrisburg  and  Altoona. 

On  the  morning  of  July  17th,  1868,  five  spans  aggregating  830  ft.  of 
the  west  end  of  the  Pennsylvania  Railroad  Bridge  over  the  Susquehanna 
River  at  Rockville,  about  5  miles  from  Harrisburg,  were  destroyed  by 
fire.  This  was  a  wooden  deck  bridge  of  the  usual  Howe  truss  form. 
Mr.  Neilson  soon  reached  the  scene  of  the  catastroj)he,  and  as  trestling 

*  Memttir  prepared  by  E.  D.  Nelson,  Esq. 
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could  uot  be  well  adopted,  it  was  decided  to  rebuild  tlie  permanent 
bridge  at  once.  It  Avas  necessary  to  remove  the  wrecked  sj^ans,  to 
have  the  timber  sawed  and  to  order  the  rods,  angle  blocks  and 
other  parts  and  assemble  them  at  the  bridge.  The  material  began  to 
arrive  on  the  third  day  and  the  work  moved  rapidly  to  completion, 
the  bridge  being  opened  to  the  passage  of  trains  on  July  28th,  hardly 
twelve  days  after  its  partial  destruction. 

Many  similar  instances  might  be  cited  to  show  his  quick  compre- 
hension in  emergencies,  his  ready  j.udgment  as  to  the  best  course  to 
pursue,  and  his  i^romptness  in  completing  the  w^ork  in  hand. 

In  January,  1870,  he  was  promoted  to  the  superintendency  of  the 
West  Penn  Division  of  the  Pennsylvania  Railroad,  which  position  he 
held  until  his  transfer,  in  September,  1874,  to  the  Elmira  and  Canan- 
daigua  Divisions  of  the  Northern  Central  Railway,  as  Superintendent. 
During  his  superintendency  of  these  divisions  he  was  obliged  to  take 
an  active  part  in  traffic  matters  in  addition  to  the  duties  relating  to 
engineering  and  transportation  which  usiially  devolve  upon  a  railroad 
superintendent. 

His  success  in  all  of  these  departments  of  railroad  work  most  justly 
earned  for  him  his  promotion,  in  September,  1881,  to  the  jaosition  of 
General  Superintendent  of  the  Philadeli^hia  and  Erie  Railroad  and 
the  Northern  Central  Railway,  north  of  Harrisburg.  In  January, 
1883,  his  jurisdiction  was  extended  over  the  entire  line  of  the  Northern 
Central  from  Baltimore  north,  and  he  continued  in  this  position,  as  a 
notably  successful  operating  officer,  till  the  time  of  his  death,  October 
12th,  1896,  at  his  home  at  Williamsport,  Pa. 

His  personal  characteristics  greatly  endeared  him  to  his  subordi- 
nates and  associates.  Firm  in  purpose,  yet  always  kind  and  consider- 
ate, he  directed  his  subordinate  officers  more  by  his  own  strong- 
personality  and  the  evident  wisdom  which  he  possessed,  than  by  the 
harsher  methods  of  arbitrary  authority;  and  he  built  up  those  under 
him  with  the  knowledge  which  by  his  long  experience  and  clear  mind 
he  had  gained. 

He  never  refused  counsel  or  advice  to  those  who  asked,  and  he 
showed  a  personal  interest  in  the  affairs  of  those  who  sought  his  help, 
which  added  to  the  esteem  in  which  he  was  held  by  all  who  came  in 
contact  with  him. 

In  the  death  of  Mr.  Neilson  the  Pennsylvania  Railroad  Company 
lost  one  of  its  most  efficient  operating  officers,  and  the  jjrofession  an 
engineer  of  i^ronounced  ability  in  railroad  construction  and  mainte- 
nance. 

Mr.  Neilson  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  Febriiary  17th,  1869. 
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JAMES  HART  RENO,  M.   Am.  Soc.  C.  E.* 


Died  August  5th,  1881. 


James  Hart  Reno  began  his  professional  career  in  1866,  when  he 
was  about  nineteen  years  old,  as  Assistant  Engineer  in  charge  of  the 
construction  of  about  8  miles  of  road  on  the  Allegheny  Valley  Rail- 
way. Early  in  1868  he  left  this  position  to  become  a  transitman  in  a 
party  on  the  Union  Pacific  Railway  in  Utah  and  Nevada.  Early  in  the 
fall  he  was  given  a  subdivision  on  construction  in  Nevada,  which  was 
abandoned  later  in  the  year  and  all  the  force  brought  to  Utah.  There 
he  had  charge  of  construction  on  the  western  side  of  the  Promontory, 
and  remained  in  the  service  of  the  company  until  late  in  June,  1869. 
For  a  few  months  in  the  latter  part  of  that  year  he  was  Assistant  Engi- 
neer on  the  location  and  construction  of  the  Adirondack  Company's 
roads,  and  he  then  entered  the  service  of  the  Northern  Pacific  Railway 
Company.  He  remained  about  two  years  with  this  company,  and  had 
charge  of  the  location  and  construction  of  about  93  miles  of  road.  In 
May,  1872,  he  took  charge  of  the  survey  and  preliminary  location  of 
the  line  of  the  Texas  and  Pacific  Railway  from  San  Diego,  Cal.,  to 
Pinos  Villages,  Ariz.,  a  distance  of  375  miles. 

In  May,  1873,  Mr.  Reno  began  another  branch  of  engineering,  as 
Assistant  Engineer  in  charge  of  the  street  construction  of  the  city  of 
Pittsburg,  Pa.,  which  work  was  continued  until  Janiiary,  1877,  when 
he  was  appointed  County  Engineer  and  Surveyor  of  Allegheny  County, 
Pennsylvania,  in  charge  of  all  the  public  structiires  of  the  county,  in- 
cluding bridges  and  buildings. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engineers, 
November  5th,  1879. 


JOSEPH  RUSSELL  THOMAS,  M.  Am.  Soc.  C.  E.f 


Died  November  28th,  1896. 


Joseph  Russell  Thomas  was  first  actively  engaged  in  engineering 
Avorks  during  the  period  when  the  construction  of  American  gas  works 
was  passing  from  the  control  of  British  contractors  to  those  of  this 
country.  He  was  born  in  Burlington,  N.  J.,  on  March  11th,  1820,  and 
was  educated  in  the  Philadelphia  public  schools.  He  learned  the  trade 
of  a  carpenter,  but  abandoned  it  to  engage  in  the  grocery  business. 

*  Memoir  prepared  from  papers  on  file  at  the  House  of  the  Society. 
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About  tliis  time  tlie  Camden  Iron  Works,  at  Camden,  N.  J.,  were 
started  by  Messrs.  J.  W.  &  J.  F.  Starr,  who  placed  the  gas  division  of 
their  establishment  under  the  charge  of  Samuel  A.  Thomas,  an  elder 
brother  of  the  subject  of  this  memoir.  It  was  through  the  influence 
of  this  brother  that  Joseph  A.  Thomas  was  engaged  on  a  Starr  contract 
for  vessels  under  construction  at  Hoboken.  When  the  work  was 
finished,  he  entered  the  employ  of  Messrs.  Stevens  of  that  place,  and 
was  engaged  on  the  construction  of  the  "  Stevens  battery." 

By  this  time,  however,  the  gas  business  of  the  Camden  works  had 
increased  to  an  unexpected  extent,  and  Mr.  Thomas  believed  that  it 
was  destined  to  still  greater  development.  In  1848  he  moved  to  Camden 
and  entered  the  employ  of  the  firm.  His  spare  moments  were  spent  in 
studying  engineering  subjects,  and  his  aptitude  for  applying  theory  to 
practice  soon  led  to  his  appointment  as  superintendent  of  construction 
of  the  firm's  contract. 

His  first  undertaking  was  the  erection  of  the  plant  of  the  New 
York  Gas  Light  Company  on  the  East  River  between  Twenty-first 
and  Twenty-second  Streets  to  replace  an  old  plant  which  was  located 
at  Center  and  Hester  Streets.  The  work  was  carried  on  in  1850-51, 
being  interrupted  during  the  winter  by  the  erection  of  a  gas  plant  at 
New  Brunswick,  N.  J.,  of  which  Mr.  Thomas  was  likewise  superintend- 
ent of  construction.  When  these  works  were  finished,  he  built  the 
plant  at  Norfolk,  Va. ,  for  the  same  contractors. 

Somewhat  later  Mr.  Lemuel  Davis,  of  Detroit,  Mich.,  engaged  him 
to  rebuild  the  gas  works  in  that  city.  These  works  had  been  in  opera- 
tion a  short  time,  but  had  already  proved  inadequate  to  the  demands 
of  the  city,  which  was  growing  rapidly.  When  the  work  of  remodel- 
ing the  plant  was  completed  in  1852,  Mr.  Davis  is  reported  to  have 
been  so  satisfied  with  the  manner  in  which  the  undertaking  was  carried 
through  that  he  added  a  substantial  bonus  to  the  amount  due  Mr. 
Thomas.  By  this  time  the  latter  had  achieved  a  good  position  among 
gas  engineers,  and  his  services  were  in  considerable  demand.  He 
finally  became  associated  again  with  Mr.  J.  W.  Starr,  this  time  in  con- 
nection with  the  Williamsbui-gh  Gas  Light  Company. 

In  1854,  when  Mr.  Thomas  was  elected  engineer  and  superintendent 
of  this  company,  Williamsburgh  was  a  straggling  suburb  of  Brooklyn, 
N.  Y. ,  occupying  such  land  as  rose  above  the  marshes  north  of  the 
latter  city.  It  was  not  a  pleasant  place  and  seemed  destined  to  grow 
slowly.  The  local  gas  works  was  ajjparently  in  keeping  with  the 
territory  it  supplied.  It  is  reported  to  have  been  an  ill-located, 
ramshackle  aff'air,  steadily  drifting  toward  insolvency.  The  new  super- 
intendent had  received  at  Detroit  a  good  preliminary  training  for 
the  management  of  such  a  plant,  however,  and  he  soon  had  afiairs  on 
a  satisfactory  business  basis.  Williamsburgh  and  Brooklyn  were 
united  politically,  and  the  marshes  between  the  two  districts  were  filled 
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in.  The  demand  for  gas  increased  rapidly,  and  under  the  direction  of 
Mr.  Thomas,  who  was  elected  a  director  of  the  company  in  1855,  the 
plant  was  reconstructed  and  enlarged  until  it  became  one  of  the  best 
known  for  comjaleteness  of  equipment  in  the  country. 

In  1883  he  severed  his  active  connection  with  the  company's  affairs, 
and  became  the  editor  of  the  American  Gaa  Light,  Journal,  a  position  he 
held  until  his  death.  He  also  continued  his  extensive  practice  as  con- 
sulting engineer,  among  his  most  notable  engagements  being  the 
design  and  construction  or  reconstruction  of  the  plants  at  Flushing, 
College  Point,  Jamaica,  Fishkill,  Tarrytown,  Sing  Sing  and  Pough- 
keepsie,  N.  Y. ,  and  Leng  Branch,  N.  J.  The  works  at  the  last  jjlace  he 
not  only  built,  but  also  operated  for  a  time  until  it  was  in  good  condi- 
tion financially. 

Although  afflicted  with  serious  deafness  in  his  later  years,  he  never 
lost  his  interest  in  the  public  affairs  of  Williamsburgh,  and  was  a 
trustee  for  many  years  of  the  Williamsburgh  Public  Dispensary,  and 
the  Williamsbui'gh  Public  Library  Association,  and  was  one  of  the 
most  liberal  patrons  of  the  Brooklyn  Art  Association.  He  was  elected 
a  Member  of  the  American  Society  of  Civil  Engineers  on  October  5th, 
1881,  and  was,  in  addition,  a  member  or  honorary  member  of  the  New 
England  Association  of  Gas  Engineers,  the  Western  Gas  Association, 
the  Ohio  Gas  Association,  the  Guild  of  Gas  Managers  and  the  American 
Gas  Light  Association. 

Mr.  Thomas  died  at  his  country  home  at  Glen  Ridge,  N.  J.,  on 
November  28th,  1896,  after  a  long  illness.  His  wife  and  a  daughter 
survived  him. 

MARSHALL  MARTAIN  TIDD,  M.  Am.  Soc.  C.  E.* 


Died  August  20th,  1895. 


Marshall  Martain  Tidd  was  born  in  Woburn,  Mass.,  August  1st, 
1827.  His  early  education  was  obtained  in  the  jjublic  schools  of  Wo- 
burn. He  lost  the  use  of  his  right  arm  when  a  young  child,  owing  to 
a  fall  upon  the  back  of  his  head  which  resulted  in  the  paralysis  of  the 
arm.  Notwithstanding  this,  he  was  a  very  active  and  capable  boy, 
and  delighted  in  all  kinds  of  out-of-door  sports,  such  as  swimming, 
sailing,  canoeing,  hunting,  fishing,  skating,  etc. ,  in  all  of  which  he  ex- 
celled, notwithstanding  the  loss  of  his  arm.  He  was  expert  in  the  use 
of  tools  and  made  many  ingenious  articles  that  recpiired  skilful  work. 

At  the  age  of  sixteen  he  went  to  work  on  the  old  Middlesex  Canal, 
and  for  about  two  years  attended  one  of  the  locks  in  Wobvirn. 

*  Memoir  prepared  by  Henry  Manley.  Dexter  Brackett  and  F.  C.  Coflfin,  Members 
Am.  Soc.  C.  E. 
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He  began  his  engineering  experience  as  an  assistant  on  the  con- 
■stntction  of  the  dam  across  the  Merrimack  River  at  Lawrence,  Mass., 
nnder  Charles  S.  Storrow,  Hon.  M.  Am.  Soc.  C.  E.  This  was  before 
the  days  of  photography,  and  one  of  Mr.  Tidd's  duties  was  to  make 
freehand  sketches  showing  the  condition  of  the  work  at  the  end  of 
each  month.  After  the  comijletion  of  the  Lawrence  dam  he  was  occu- 
pied in  drawing  on  wood  and  stone  for  illustrations  of  machines  and 
mechanical  devices.  This  business  he  followed  for  about  25  years, 
until  the  introduction  of  cheaper  processes,  and  the  increase  in  his 
more  strictly  civil  engineering  work  caused  him  to  abandon  it.  He 
displayed  mu.ch  ability  in  the  use  of  pen,  pencil  and  brush,  his  draw- 
ings being  remarkable  for  their  extreme  accuracy  and  fineness  of 
detail. 

During  these  years  he  was  connected  with  the  construction  of  the 
Simpson  patent  wooden  dry  docks  in  East  Boston,  Mass. ,  and  Port- 
land, Me.,  and  was  Consulting  Engineer  and  Designer  of  the  dry  dock 
at  the  Erie  Basin  in  Brooklyn,  N.  Y. 

In  1872  Mr.  Tidd  was  elected  Water  Commissioner  of  his  native 
town,  the  only  public  office  he  ever  held.  Although  holding  the  office 
of  Water  Commissioner,  he  was  also  practically  Engineer  of  the  works, 
and  his  connection  with  these  works  led  to  his  being  engaged  to 
design  and  superintend  the  construction  of  Avorks  of  a  similar  char- 
acter in  other  places,  so  that  from  this  time  to  his  death  he  devoted 
himself  almost  exclusively  to  questions  relating  to  water  supjjly  and 
sewerage. 

He  designed  and  superintended  the  construction  of  works  for  the 
water  supply  of  Natick,  Lincoln,  Hingham,  Marlboro,  Hudson,  Wey- 
mouth, Hyde  Park,  Cohasset,  Randolph,  Holbrook,  Vineyard  Haven, 
Reading,  and  Fairhaven,  Mass. ;  Lewiston,  Gardiner,  Richmond, 
Calais,  Caribou,  Dover,  Foxcroft,  Farmington  and  Madison,  Me. ; 
Hanover,  N.  H. ;  St.  Stephen,  N.  B. ;  Charlottetown,  Prince  Edward 
Island;  Yarmouth,  N.  S.,  and  Ashland,  J\y.  In  addition  to  the  pre- 
ceding he  was  employed  to  make  improvements  or  additions  to  existing 
works  in  Fort  Smith,  Ark. ;  Tiffin,  O. ;  Woonsocket,  R.  I. ;  Manchester 
and  Nashua,  N.  H. ;  Bath,  Brunswick,  Waterville,  Bangor,  Bar  Harbor, 
Me. ;  Medford,  Melrose,  Belmont,  Maynard  and  Attleboro,  Mass. 

He  was  employed  as  an  expert  to  report  to  capitalists  upon  the  con- 
dition and  value  of  many  works  in  the  West,  also  as  an  expert  in  cases 
of  the  taking  of  the  works  of  private  corporations  by  municipalities,  at 
Syracuse,  N.Y. ;  Auburn,  Me. ;  Rochester,  N.H. ;  Braintree,  Haverhill  and 
Quincy,  Mass.,  and  Milford,  N.  H. ;  as  Consulting  Engineer  at  Helena, 
Mont. ,  and  Phoenix,  Ariz. ;  by  the  Maine  Water  Company,  Cambridge, 
Mass.,  and  others.  He  also  designed  and  built  the  sewerage  system  at 
Marlboro,  Mass.  At  the  time  of  his  death,  he  was  employed  upon  the 
Bath  Water- Works,  Me. ;    the  construction   of  the  Woburn  sewerage 
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system,  the  plan  of  a  sewerage  system  for  Stoueliam,  Mass. ;  Bar 
Harbor,  Me. ,  Water- Works,  and  as  Consulting  Engineer  on  the  Willi- 
mantic,  Conn.,  Water- Works,  and  Cambridge,  Mass.,  Water- Works r 
he  was  also  retained  as  one  of  the  board  of  arbitration  in  a  suit  for  mill 
damages  against  the  town  of  Attleboro,  Mass. 

As  an  engineer,  Mr.  Tidd's  most  striking  traits  were  remarkable 
mechanical  ability,  keen  observation,  fertility  of  resource  and  entire 
and  complete  honesty  of  purpose. 

He  was  very  successful  as  an  expert  witness  m  legal  controversies, 
he  had  a  strong  memory,  was  very  careful  in  the  collection  of  his  data, 
and  had  a  blunt,  emphatic  manner  of  stating  his  opinions  which  made 
him  an  excellent  and  convincing  witness.  As  an  exjsert  engineer  he 
had  a  very  wide  practice  in  the  examination  of  proposed  and  existing 
works,  and  his  familiarity  with  certain  branches  of  mechanical  engi- 
neering, acquired  in  the  early  days  when  a  civil  engineer  was  neces- 
sarily a  mechanical  engineer  as  well,  resulted  in  his  being  retained 
frequently  by  mill  owners. 

To  know  a  man  completely  it  is  necessary  to  know  his  recreations 
as  well  as  his  work.  In  earlier  life  Mr.  Tidd's  recreations  were  of  the 
active  out-of-door  sort;  later  in  life,  perhaps  his  greatest  interest  was 
in  horticulture  and  the  care  of  his  grounds.  For  a  man  of  moderate 
means,  he  had  a  very  fine  collection  of  shrubs,  his  flowers,  fruit 
trees  and  lawn  were  kept  in  the  best  of  order  and  his  grounds  showed 
remarkable  taste.  He  was  a  life  member  of  the  Massachusetts  Horti- 
cultural Society,  and  was  wonderfully  well  informed  in  all  the  details 
of  raising  frtiit  and  flowers  and  the  care  of  shrubbery.  Another  of  his 
interests  was  his  workshop,  which  was  a  model  in  its  equipment  of 
tools  and  their  neat  arrangement. 

His  other  principal  recreation  was  attendance  upon  the  meetings 
and  excursions  of  the  several  engineering  societies  of  which  he  was  an 
enthusiastic  and  liberal  member. 

In  his  relations  with  the  members  of  his  profession,  he  was  liberal 
and  generous,  ever  ready  to  impart  freely  to  a  brother  engineer  who 
came  openly  to  him,  from  his  knowledge,  or  the  result  of  his  experi- 
ence. 

He  was  married  when  about  twenty-eight  years  of  age  to  Abba  S. 
Cole,  who  died  in  July,  1893.  He  had  one  daughter  who  survives  him, 
as  does  also  his  aged  mother. 

He  was  a  man  of  pronounced  individuality,  active  and  alert,  both 
of  mind  and  body,  an  excellent  companion,  clear-minded,  frank,  open 
and  generous. 

He  became  a  Member  of  the  American  Society  of  Civil  Engineers,. 
October  2d,  1878.  His  death  was  occasioned  by  heart  failure,  the 
result  of  a  severe  attack  of  the  grippe,  about  two  years  before. 


MEMOIR   OF    ALEXANDER   SAMUEL    DIVEN.  571 

ALEXANDER  SAMUEL  DIVEN,  F.  Am.  Soc.  C.  E.* 


Died  June  11th,  1896. 


Descended  from  Seotcli-Irish  ancestry,  General  Alexander  Samuel 
Diven  was  boro  Februarv  lOtb,  1809,  in  tbe  tben  town  of  Catberine, 
Tioga  County,  N.  Y. ,  now  tbe  town  of  Dix,  Scbuyler  County.  He  was 
tbe  son  of  Captain  Jobn  Diven,  a  soldier  of  tbe  Bevolution. 

General  Diven's  early  education  was  acquired  in  tbe  scbools  of  bis 
native  town  and  in  tbe  academies  at  Penn  Yan  and  Ovid.  In  1830  he 
Avent  to  Elmira  and  entered  tbe  office  of  tbe  late  Judge  Hiram  Gray  as 
a  student  at  law.  In  tbis  office  and  tbat  of  Fletcber  Haigbt  at 
Rocbester  be  completed  bis  legal  studies,  maintaining  bimself  in  tbe 
mean  time  in  part  by  teaching  school  in  Elmira,  and  in  part  at  Owego 
as  Deputy  County  Clerk  of  Tioga  County,  which  then  comprised 
Chemung  County  and  tbe  present  city  of  Elmira.  Admitted  to  the 
bar  be  went  to  Angelica,  Allegany  County,  in  1833,  and  opened  an 
office  in  partnership  with  George  Miles,  who  a  few  years  later  re- 
moved to  Michigan.  General  Diven  continued  bis  practice  alone  at 
Angelica  until  1845,  when  be  removed  to  Elmira.  His  practice  in 
Angelica  was  extensive  and  covered  a  large  portion  of  western  New 
York.  Soon  after  removing  to  Elmira  he  became  a  member  of  the  firm 
of  Diven,  Hathaway  and  Woods,  which,  during  its  existence  of  fifteen 
years,  was  a  leading  law  firm  in  southern  New  York.  This  partner- 
ship continued  until  July,  1861,  when  it  was  dissolved  to  enable  its 
senior  member  to  form  a  new  partnership  with  his  son,  George  M. 
Diven.  This  latter  partnership  continued  only  a  few  years  and  did 
not  receive  much  attention  from  its  senior  member,  owing  to  the  de- 
mands upon  him  of  his  political,  military  and  business  associations. 
A  free  soil  democrat,  General  Diven  was  one  of  the  organizers  of  the 
Republican  party  in  tbe  State  of  New  York,  and  was  ever  prominent 
in  its  councils.  He  served  one  term,  1858-59,  in  tbe  State  Senate,  and 
in  1860  was  elected  a  representative  to  the  Tbirty-sevfentb  Congress, 
taking  a  leading  joart  in  its  deliberations  during  tbat  critical  period  in 
the  nation's  history. 

In  tbe  summer  of  1862,  after  tbe  disastrous  Peninsular  cami^aign, 
when  tbe  call  was  issued  for  300  000  men,  at  the  personal  solicitation 
of  President  Lincoln  and  Secretary  Seward,  General  Diven  and  Gen- 
eral R.  B.  Vain  Yalkenburgb,  representative  from  an  adjoining  district, 
leaving  their  seats  in  Congress,  went  to  their  homes  to  aid  in  raising  a 
regiment  in  response  to  the  call.  This  regiment,  the  107th  New  York, 
was  one  of  tbe  first,  if  not  tbe  first,  to  respond  to  tbe  call.  It  went 
out  with  General  Van  Valkenburgb  as  its  Colonel  and  General  Diven  as 

*  Memoir  prepared  by  G.  M.  Diveu,  Esq. 
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Lieutenant-Colonel,  and  reached  the  front  in  time  to  take  part  in  the 
battle  of  Antietam.  Failing  health  compelled  General  Van  Valkenburgh 
to  resign  his  command,  and  General  Diven  succeeded  to  the  colonelcy, 
continuing  in  command  iintil  after  the  battle  of  Chancellorsville,  in 
■which  the  regiment  took  ])art.  Soon  after  this  battle  he  was  commis- 
sioned by  President  Lincoln  as  Brigadier  General,  by  brevet,  and  ap- 
pointed Assistant  Provost  Marshal  General  and  assigned  to  the  western 
district  of  New  York,  with  headquarters  at  Elmira.  This  position  he 
continiied  to  hold  until  the  close  of  the  war. 

While  residing  at  Angelica,  General  Diven  became  interested  in  the 
construction  of  the  New  York  and  Erie  Railroad  and  took  an  active 
part  in  extricating  the  company  from  its  early  difficailties  and  especially 
in  aiding  it  to  procure  needed  legislation,  particularly  that  which  re- 
leased the  company  from  the  loan  of  $3  000  000  by  the  State.  For 
several  years  he  was  Director,  had  charge  as  Commissioner  for  procur- 
ing right  of  way  over  a  large  portion  of  the  line,  and  with  his  firm 
had  charge  of  the  legal  business  of  the  western  end  of  the  line.  His 
connection  with  this  road  and  its  construction  brought  him  into  close 
relations  with  men  eminent  in  their  profession,  who,  as  civil  engineers, 
had  charge  of  the  work,  among  them  Major  T.  S.  Brown,  William  J. 
McAlpine,  James  P.  Kirkwood  and  Julius  W.  Adams. 

While  engaged  in  the  construction  of  the  New  York  and  Erie  Rail- 
road he  became  interested  in  the  Chemung  Railroad,  extending  from 
the  New  York  and  Erie  Railroad,  near  Elmira,  to  the  then  village  of 
Jefferson,  now  Watkins,  at  the  head  of  Seneca  Lake.  He  was  a  director 
in  the  company  which  built  this  road,  which  was  opened  in  December, 
1849,  soon  after  the  Erie  Road  was  opened  to  Elmira  and  was  operated 
in  connection  with  the  latter  road  as  a  continuous  line  from  New  York 
to  Jefferson  for  a  coiiple  of  years  and  until  the  comj^letion  of  the  line 
to  Dunkirk.  Soon  after  the  completion  of  the  Chemung  Railroad 
General  Diven  became  interested  in  the  construction  of  a  line  from  its 
northern  terminus  to  Canandaigiia.  The  company  which  constructed 
the  latter  road  was  originally  chartered  as  the  Canandaigua  and  Corn- 
ing Railroad  Company  for  the  purpose  of  constructing  a  railroad  from 
Canandaigua  to  Corning.  After  the  construction  of  the  Chemung 
Railroad  the  title  of  the  Canandaigua  and  Corning  Company  was  by 
legislative  enactment  changed  to  the  Canandaigua  and  Elmira  Railroad 
Company  and  its  route  changed  to  connect  with  the  Chemung  Railroad, 
thus  making  a  continuous  line  of  railroad  from  Elmira  to  Canandaigua. 
The  contract  for  its  construction  was  made  with  a  company  of  which 
General  Diven  was  a  member.  After  the  completion  of  this  road  a  still 
further  extension  was  made  by  the  construction  of  the  Canandaigua 
and  Niagara  Falls  Railroad,  which  was  also  constructed  by  the  same 
firm  of  contractors.  These  three  railroads  were  constructed  with  a  6- 
ft.  gauge  to  corresijond  with  that  of  the  New  York  and  Erie  Railroad, 
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and  formed  a  continuous  broad-gauge  line  from  Elmira  to  Niagara 
Falls.  The  last  built  road  becoming  involved,  it  was  sold  on  foreclosure, 
purchased  in  the  interests  of  the  New  York  Central  Railroad  Comijany, 
its  gau.ge  narrowed,  and  has  since  been  operated  by  that  company. 
The  line  from  Elmira  to  Canandaigua  is  now  under  the  control  of  the 
Northern  Central  Railway  Company  and  is  operated  by  it  as  a  part  of 
the  Pennsylvania  system  in  connection  with  the  Elmira  and  Williams- 
port  Railroad.  Soon  after  the  completion  of  the  road  to  Canandaigiia 
General  Diven  became  interested  in  the  construction  of  the  Williams- 
port  and  Elmira  Railroad.  The  Williamsport  and  Elmira  Railroad 
Company  was  originally  chartered  by  the  legislature  of  the  State  of 
Pennsylvania  in  1832,  this  being  one  of  the  earliest  railroad  charters  in 
the  United  States.  At  an  early  day  a  line  was  constructed  from  Will- 
iamsport to  Ralston  and  for  a  time  operated  with  horses,  but  was  soon 
abandoned  and  not  used  iintil  about  1852,  when  General  Diven  took 
hold  of  the  project,  interested  certain  Philadelphia  jiarties  to  raise  the 
necessary  capital,  and,  taking  the  contract  for  its  construction,  com- 
pleted the  road  in  the  summer  of  1854.  While  this  road  was  under 
construction  he  was  also  interested  in  the  construction  of  the  Cata- 
wissa  Railroad,  extending  from  Milton  to  Tamaqua  in  the  State  of 
Pennsylvania,  which,  when  finished,  in  connection  with  the  Williams- 
port  and  Elmira  and  other  roads  formed  a  continuous  line  of  railroad 
from  Elmira  to  Philadelphia. 

Shortly  after  the  completion  of  these  railroads  he  became  interested 
in  the  construction  of  the  main  line  of  the  Missouri  Pacific  Railroad, 
and  was  one  of  the  firm  of  James  P.  Kirkwood  &  Company,  which  had 
a  contract  for  constructing  a  large  portion  of  the  line.  Afterwards,  in 
connection  with  Lewis  J.  Stancliflf,  who  had  been  a  civil  engineer  in 
the  construction  of  the  Erie  Railroad,  and  others,  he  formed  a  firm  of 
contractors  known  as  Diven,  Stancliff  &  Co.,  which  took  the  contract 
for  constructing  what  was  then  known  as  the  Southwest  Branch  of  the 
Missouri  Pacific  Railroad,  a  line  projected  from  Franklin  on  the  maiu 
line  of  the  Missouri  Pacific  to  Neosho,  in  the  southwestern  portion  of 
the  state.  This  line  was  completed  to  Rolla,  and  the  firm  was  engaged 
on  heavy  work  beyond,  when  the  breaking  out  of  the  Rebellion  stopped 
operations. 

Ui^on  the  reorganization,  after  the  foreclosure  sale,  of  the  New 
York  and  Erie  Railroad  Company  into  the  Erie  Railway  Company  in 
1862  under  the  presidency  of  Nathaniel  Marsh,  General  Diven  was 
elected  a  Director,  and  his  law  firm,  then  consisting  of  himself  and  son, 
had  charge  of  the  legal  business  of  the  company  west  of  Susquehanna. 
Upon  the  death  of  Mr.  Marsh,  soon  after  the  close  of  the  Civil  War, 
General  Diven  was  elected  Vice-President  of  the  company,  a  position 
he  continued  to  hold,  residing  meantime  in  New  York  City  until  1871, 
when  he  resumed  his  residence  in  Elmira.     He  again  took  the  vice- 
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presidency  for  a  few  months  in  1872,  when  General  Dix  was  called  to 
the  presidency.  During  this  period,  in  connection  with  one  of  his 
sons,  he  was  interested  in  a  contract  for  the  construction  of  the  Jefier- 
son  Railroad,  extending  from  near  Susquehanna  to  Carbondale,  Pa., 
which  is  operated  as  a  branch  of  the  Erie  Railroad.  With  another  son 
he  afterwards  constructed  what  is  known  as  the  Nineveh  branch  of  the 
Albany  and  Susquehanna  Railroad,  extending  from  Nineveh  to  a  con- 
nection with  the  Jefferson  Railroad,  constructed  under  the  auspices  of 
and  operated  by  the  Delaware  and  Hudson  Canal  Company.  Still 
later  he  was  engaged  with  the  same  son  in  the  construction  of  a  portion 
of  the  New  York  and  Canada  Railroad  along  the  west  shore  of  Lake 
Champlam. 

With  the  completion  of  this  work  he  closed  active  operations  in 
business  affairs.  The  rest  of  his  life  was  spent  at  his  old  home  in 
Elmira,  except  for  the  last  twenty  years  he  passed  a  few  months  each 
year  at  his  winter  place  on  the  St.  John's  River,  near  the  city  of 
Jacksonville,  Fla.  While  engaged  in  no  regular  active  business,  he 
kept  himself  in  touch  with  the  progress  of  events,  took  great  inter- 
est in  political  affairs,  and  devoted  much  of  his  time  and  means  to 
benevolent  and  educational  institutions  and  enterprises.  During 
nearly  all  his  life  he  was  an  earnest  and  active  member  of  the  Pres- 
byterian Church. 

General  Diven  was  married  in  1834  to  Amanda  M.  Beers,  who 
died  in  1875.  Eight  children,  four  sons  and  four  daughters,  were  the 
issue  of  this  marriage,  of  whom  two  sons  and  three  daughters  survive 
him.  One  of  the  surviving  sons,  John  M.  Diven,  superintendent  of 
the  Elmira  Water-Works  Company,  is  an  Associate  of  this  Society.  A 
second  marriage  took  place  in  1876  to  Maria  Joy,  who  still  survives. 

While  the  compiler  of  this  sketch  feels  some  delicacy  about  com- 
menting on  the  character  of  the  deceased,  he  may  be  pardoned  for 
closing  with  the  tribute  of  another,  showing  the  esteem  in  which 
General  Diven  was  held  by  those  who  knew  him  best.  For  many 
years  he  was  a  member  of  a  select  social  and  literary  club  which  held 
monthly  meetings,  and  at  the  first  meeting  of  the  club  after  his  death 
a  member  prefaced  the  essay  he  was  to  read  with  the  following  words : 

"  I  should  do  less  than  justice  to  the  emotion  of  the  hour  did  I  fail 
to  voice  our  sense  of  loneliness  at  loss  of  him  but  yesterday  the  Nestor 
oi  our  circle,  so  ripe  in  years,  so  strong  in  heart  and  mind,  who  since 
oiir  last  meeting  has  solved  the  magnificent  mystery  of  death.  To  his 
ready  soul  doors  have  now  swung  open,  upon  whose  threshold  we  have 
knocked  in  vain  these  many  years.  We  shall  not  forget  him.  The 
sparkle  of  his  wit,  the  dignity  of  his  thought,  his  kindly  sentiment  to 
us  each  and  all,  as  well,  shall  linger  in  our  memory  till  the  last  of  this 
little  circle  shall  have  ceased  from  earthly  effort  and  followed  in  his 
departing  footsteps." 

General  Diven  was  elected  a  Fellow  of  the  American  Society  of 
Civil  Engineers  on  June  16th,  1870. 
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JAMES  FREDERIC  JOY,  F.  Am.  Soc.  C.  E.* 


Died  Septembek  24th,  1896. 


James  Frederic  Joy  was  chiefly  noted  as  the  mau  who  once  prob- 
ably, saved  the  State  of  Michigan  from  bankruptcy,  although  he  was 
also  prominent  through  his  connection  in  important  capacities  with 
many  of  the  great  railway  companies  which  developed  the  Central 
States  with  marvelous  rapidity  in  the  ten  years  immediately  preceding 
the  Civil  War.  Like  many  of  the  men  who  were  conspicuous  figures 
in  the  railway  work  of  that  period,  Mr.  Joy  was  a  farmer's  son.  He 
was  born  December  20th,  1810,  at  Durham,  N.  H.,  and  was  brought  up 
in  the  frugal,  industrious  manner  characteristic  of  New  England  coun- 
try life  at  the  time. 

He  attended  su.ch  schools  as  he  could,  and  finally  became  himself 
a  teacher  in  one  of  them.  With  the  money  earned  in  this  way  and  a 
little  assistance  from  his  father,  who  was  in  not  very  good  circum- 
stances, he  entered  Dartmouth  College.  He  graduated  in  1833  and  was 
selected  to  deliver  the  valedictory  address.  Modern  languages,  par- 
ticularly French,  and  history  were  his  favorite  studies,  and  he  retained 
his  interest  in  them  to  the  close  of  his  life,  one  of  his  hobbies  in  later 
years  being  the  collection  of  books  relating  to  Washington  and  the 
Revolutionary  War.  From  Dartmouth  he  went  to  Cambridge  and  en- 
tered the  Harvard  Law  School,  where  Joseph  Story  took  a  particular 
interest  in  him.  He  had  to  leave  Cambridge,  however,  in  a  short  time 
and  go  back  to  teaching  to  earn  enough  money  to  carry  him  through 
the  school.  He  became  a  preceptor  in  an  academy  at  Pittsfield  and 
also  an  instructor  in  Latin  and  Greek  at  Dartmouth  College,  and  after 
a  short  time  succeeded  in  laying  by  enough  of  his  earnings  to  complete 
his  legal  studies. 

The  young  lawyer  then  decided  to  hazard  his  fortunes  in  the 
"Northwest"  of  that  time,  and  accordingly  entered  the  law  office  of 
Senator  Augustus  S.  Porter,  of  Detroit,  in  September,  1836.  In  the 
next  year  he  was  admitted  to  the  Michigan  bar  and  soon  became  a 
I^artner  of  George  F.  Porter.  The  firm  were  the  legal  advisers  of  the 
Bank  of  Michigan,  at  that  time  the  only  banking  institution  in  the 
\dcinity,  and  after  its  collapse  Messrs.  Joy  and  Porter  were  very  busy 
in  straightening  out  the  affairs  of  the  corporation.  They  were  so  suc- 
cessful in  this  work  that  a  large  and  lucrative  practice  was  soon  built 
u]},  and  when  in  1847,  the  State  was  without  funds  and  in  a  most  em- 
barrassed condition,  Mr.  Joy's  standing  was  such  that  he  was  enabled 
to  save  its  reputation. 

Michigan  was  at  that  time  suffering  from  a  plethora  of  public  works, 

*  Memoir  prepared  from  information  furnished  by  George  S.  Morison,  Past- President 
Am.  Soc.  C.  E.,  and  Allen  Bourn,  Esq. 
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into  the  history  of  which  it  is  unnecessary  to  enter  here.  Among  these 
piiblic  works  was  the  Michigan  Central  Railroad.  This  property  was 
one  which  Mr.  Joy  cousitlered  to  have  considerable  value,  so  he  worked 
Avith  John  W.  Brooks,  a  well-known  railroad  engineer,  to  induce  east- 
ern parties  to  buy  it.  The  undertaking  Avas  successful,  the  credit  of 
the  State  was  made  good,  and  the  young  lawj'er  was  launched  on  his 
very  successful  railway  career,  which,  strange  to  say,  in  view  of  the 
commanding  position  he  won,  was  never  particularly  attractive  to  him, 
as  his  preference  was  for  a  general  practice.  The  importance  of  this 
sale  can  be  shown  by  quoting  Mr.  Joy's  description  of  the  conditions 
prevailing  in  1846: 

"A  wave  of  wild  speculation  had  swej^t  over  the  country  a  few 
years  before,  which  had  resulted  in  almost  universal  bankruptcy.  All 
the  banks  in  the  State  had  failed.  The  State  itself  was  utterly  bank- 
rupt. It  had  issued  State  scrip  to  pay  for  work  on  its  railroads  until 
it  had  become  practically  worthless.  The  railroads  were  of  strap  rails 
laid  on  wooden  stringers  and  well  nigh  worn  out,  and  its  construction 
could  not  be  continued,  nor  could  the  State  reconetruct  it  Avith  heavier 
rails.  The  State  was  prostrate  so  far  as  its  credit  was  concerned. 
There  Avas  no  railroad  through  Canada.  There  Avas  no  railroad  west 
of  Kalamazoo." 

The  old  portion  of  the  Michigan  Central  was  rebuilt  by  its  neAv 
OAvners,  and  the  railroad  was  extended  to  Chicago,  being  opened  in 
May,  1852.  Through  the  Great  Western  Eailway  from  Windsor,  op- 
130site  Detroit,  to  Suspension  Bridge,  it  formed,  with  the  New  York 
Central  Railroad,  one  of  the  early  trunk  lines.  The  same  cajiitalists 
who  built  the  Michigan  Central  Railroad  subsequently  gathered  and 
built  the  various  lines  Avhich  formed  the  Chicago,  Burlington  and 
Quincy  Railroad  (in  Illinois),  and  Mr.  Joy  was  a  prime  moA-er  in  its 
original  construction.  On  the  retirement  of  Mr.  J.  W.  Brooks  in 
1865,  Mr.  Joy  became  President  of  the  Michigan  Central  Railroad,  and 
the  active  head  of  all  the  western  interests  controlled  by  the  same  set 
of  capitalists.  He  was  also  President  of  the  Chicago,  Burlington  and 
Quincy  Railroad  from  1865  to  1871. 

In  1866  the  revival  of  railroad  constriiction  after  the  war  began. 
The  Chicago,  Burlington  and  Quincy  Railroad  terminated  at  the  Mis- 
sissippi River,  but  it  had  a  connecting  line  Avhich  extended  from  Bur- 
lington about  half  way  across  the  State  of  loAva,  Avhile  the  Hannibal 
and  St.  Joseph  Railroad,  a  Quincy  connection,  owned  in  the  same 
interests,  formed  another  western  route.  This  gaA'e  an  opportunity 
for  extensions  on  tAvo  lines,  westward  to  Nebraska  and  southwestAvard 
to  Kansas.  Mr.  Joy  favored  the  southwesterly  extensions.  In  pur- 
suance of  this  idea  he  arranged  to  construct  a  branch  of  the  Hannibal 
and  St.  Joseph  Railroad  which  should  cross  the  Missouri  RiA^er  at 
LeaveuAvorth,  Kan.,   and  connect  Avith   extensions  to  be  built  siibse- 
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quently.  The  arrangements  to  construct  this  line  were  virtually 
completed  when,  owing  to  a  disagreement  with  the  Leavenworth 
authorities,  Mr.  Joy  changed  the  terminus  from  Leavenworth  to  Kansas 
City.  The  first  bridge  across  the  Missouri  was  biiilt  here  under  his 
orders,  the  result  being  the  development  of  the  most  important  city  on 
the  Missouri  at  this  point.  Mr.  Joy  then  took  up  the  Missouri  River, 
Ft.  Scott  and  Gulf  Railroad,  then  locally  called  the  Border  Tier  Rail- 
road, a  line  leading  south  from  Kansas  City  through  the  eastern  tier 
of  counties  in  Kansas  to  the  Indian  Territory,  across  which  it  was  to 
be  extended  to  a  connection  with  the  railroad  system  of  Texas,  and  he 
also  built  a  more  westerly  line  leading  south  from  Lawrence  and  sub- 
sequently connected  with  Kansas  City.  Mr.  Joy  was  at  this  time 
called  the  railroad  king  of  the  southwest.  The  Missouri  River, 
Ft.  Scott  and  Gulf  Railroad  was  completed  to  the  southern  line  of  the 
State  in  1870,  but  a  disappointment  awaited  him  here;  he  failed  to 
secure  the  right  to  build  across  the  territory,  which  was  given  to  the 
Missouri,  Kansas  and  Texas  Railway,  and  his  Kansas  system  was  never 
developed  on  the  original  lines. 

During  the  same  period  Mr.  Joy  constructed  several  important  rail- 
roads in  Michigan,  the  most  prominent  being  the  Jackson,  Lansing  and 
Saginaw  Railroad,  which  became  a  j^art  of  the  Michigan  Central  Railroad, 
and  the  Chicago  and  Michigan  Lake  Shore  Railroad  (now  the  Chicago 
and  West  Michigan)  which  follows  near  the  east  shore  of  that  lake. 

Mr.  Joy's  connection  with  the  Chicago,  Burlington  and  Quincy 
Railroad  was  finally  terminated  in  1875,  when  he  ceased  to  be  a  director. 
A  change  took  place  in  the  ownership  of  the  Michigan  Central  Rail- 
road, and  Mr.  Joy's  presidency  ended  in  1876;  this  closed  his  active 
life  as  a  railroad  manager.  Mr.  Joy,  however,  retained  a  strong  in- 
terest in  everything  affecting  his  city,  and  was  earnest  in  securing  the 
extension  of  the  Wabash  system  to  Detroit.  He  was  a  director  of 
this  system  for  several  years  and  its  President  from  1885  to  1886.  His 
last  active  railroad  work  was  in  connection  with  the  New  Fort  Street 
Passenger  Station  in  Detroit  and  the  construction  of  the  railroad  from 
Chicago  to  Montpelier,  O. ,  which  gave  the  Wabash  a  line  under  its  own 
ownership  between  Detroit  and  Chicago. 

Mr.  Joy  was  universally  recognized  as  one  of  the  ablest  railroad 
lawyers  of  his  time.  He  was,  however,  an  advocate  rather  than  a  judge. 
As  a  railroad  manager  he  was  one  of  the  most  energetic  promoters  the 
country  has  ever  had;  as  a  conservative  manager  of  an  established 
property,  he  was  less  successful.  He  was  a  man  of  remarkably  strong 
personality,  and  though  in  his  later  years  his  full  beard  was  perfectly 
white,  he  retained  the  apparent  energy  and  activity  of  his  earlier  life. 

Mr.  Joy  died  on  September  24th,  1896,  leaving  a  daughter  and  three 
sons.  He  was  elected  a  Fellow  of  the  American  Society  of  Civil  Engi- 
neers on  November  6th,  1872. 
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MARK  TUCKER  SEYMOUR,  F.  Am.  Soc.  C.  E.* 


Died  May  30th,  1885. 


Mark  Tucker  Seymour  was  born  at  Stillwater,  Saratoga  County,  N. 
Y. ,  on  March  23d,  1820.  He  was  a  descendant  of  a  family  whicli  was 
among  the  first  to  settle  in  that  part  of  the  country,  and  took  a  promi- 
nent part  in  public  affairs  at  the  time  of  the  Revolution. 

Mr.  Seymour's  early  life  was  spent  on  a  farm,  his  sjsare  moments 
being  given  to  study,  particularly  of  matters  relating  to  mechanics. 
His  early  engineering  training  was  acquired  as  an  apprentice  to  his 
eldest  brother,  who  was  a  surveyor.  He  spent  some  time  mapping 
the  country  in  which  he  lived,  and  locating  and  constructing  a  number 
of  railway  lines  in  the  western  part  of  New  York  State.  He  afterwards 
made  a  specialty  of  bridge  building,  his  first  important  contract  being 
for  the  construction  of  all  bridges  on  the  Erie  Railway,  among  them 
the  original  Portage  Viaduct.  He  next  undertook  extensive  contracts 
in  Virginia,  which  were  abandoned  at  the  outbreak  of  the  civil  war. 
In  1869  he  had  a  contract  for  building  bridges  on  the  Union  Pacific  Rail- 
way, including  those  at  Dale  Creek  and  Devil's  Gate.  He  took  similar 
contracts  from  the  Chicago  and  South  Western  Road  in  1870,  the  Cana- 
dian Southern  in  1871,  and  the  Massachusetts  Central  in  1881.  An  un- 
dertaking of  a  different  character  which  he  also  contracted  for  was  the 
Riverside  Drive  in  New  York  City.  The  last  ten  years  of  his  life  were 
spent  in  New  York,  to  which  city  he  moved  from  Chicago  where  he 
lived  for  four  years. 

Mr.  Seymour  was  elected  a  Fellow  of  the  American  Society  of  Civil 
Engineers,  July  21st,  1870. 

*  Memoir  prepared  from  information  furnished  by  George  S.  Morison,  Past-President 
Am.  Soc.  C.  E.,  and  from  papers  on  file  at  the  House  of  the  Society. 
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James  Owen,  11;  George  R.  Hardy,  12. 
Correspondence:  T.    Kennard  Thomson,  12;  E.    B.    Curbing,  13; 

George  E.  Gray,  16. 

"NOTES     ON     PORTLAND     CEMENT     CONCRETE."       Andreas 

Lundteigen,  501. 
Discussion:  George    W.   Tillson,  509;   Henry  Goldmark,   510;  R. 

W.  Lesley,  510. 
Correspondence:    W.    W.    Maclay,  514;  John  F.  Ward,   515;   W. 

Michaelis,    516;    Richard   L.    Humphrey,    517;    Frederick   H. 

L3wis,  519;  W.  E.  Belknap,  524;  Andreas  Lundteigen,  533. 


O'ROURKE,    JOHN    F.  VII 

O'ROURKE,  John  F.     Underpinning  Heavy  Buildings.  47. 
OSBORN,  Fbank  C.     Elevated  Railroads,  384. 
OSTRUP,  J.  C.     Elevated  Railroads,  381. 
OWEN,  James. 

"Car  Tracks  and  Pavements."     (With  Discussion.)     63. 
Early  Bridge  Building,  11. 
PAINT. 

For  Elevated  Railroad  Work.     J.  A.  L.   Waddell,  316,  451;  H.  B. 

Seaman,  368;  C.   E.    H.  Campbell,   383;  Frank  C.  Osborn,  385; 

Wm.  Arthur  Pratt,   387;  A.  P.   Boiler,  391;  C.  E.  Fowler,  409; 

Samuel  M.  Rowe,  442. 

PARKER,  M.  S.     "  Governing  of  Water  Power  under  Variable  Loads." 

(With  Discussion.)     17,29. 
PARSONS,  Wm.  Babclay.     Elevated  Railroads,  397. 
PAVEMENTS. 

"  Car  Tracks  and  Pavements."     James  Owen.     (With  Discussion.) 

63. 
"Influence  of  Rails  on  Street   Pavements."     Edward  P.  North, 
(With  Discussion. )     70. 
PEGRAM,  George  H.     Elevated  Railroads,  438. 
PLIMPTON,  Ajbthxjr  L.     Influence  of  Rails  on  Pavements,  118. 
PRATT,  Mason  D.     Influence  of  Rails  on  Pavements,  84. 
PRATT,  Wm.  Arthur.     Elevated  Railroads,  386. 
PRICE,  W.  G.     Influence  of  Rails  on  Pavements,  108. 
PROUT,  Henry  G.     Electricity  for  Suburban  Traffic,  177. 
RAILWAYS,  Electric. 

"Substitution  of  Electricity  for  Steam  as  a   Motive  Power  for 
Suburban  Traffic."     John  Findley  Wallace.      (With  Discussion.) 
133. 
RAILWAYS,  Elevated. 

"  A  Study  in  the  Designing  and   Construction  of  Elevated  Rail- 
roads with  Special  Reference  to  the  Northwestern  Elevated  Rail- 
road and  the  Union  Loop  Elevated  Railroad  of  Chicago,  III."    J, 
A.  L.  Waddell.     (With  Discussion.)     308. 
RAILWAYS,  Track. 

"  Car  Tracks  and  Pavements. "     James  Owen.     (With  Discussion.) 

63. 
Cast-welded  Joints.     W.  G.  Price,  110;  F.  W.  Cappelen,  122. 
Elevated  Railway;    J.  A.  L.  Waddell,   318,  458;    O.  F.  Nichols, 
366;  J.  C.  Ostrup,  381;  A.  A.  Stuart,  393;  A.  T.  Tomlinson,  441, 
"Influence  of  Rails  on  Street  Pavements."    Edward  P.  North. 
(With  Discussion.)     70. 


VIII  RAILWAYS,    TRAFFIC. 

EAILWAYS,  Tbaitic. 

Illinois  Central  Railway  Suburban.     J.  F.  Wallace,  172,  203. 

REAMING. 

J.  A.  L.  Waddell,  311,  447;  T.  C.  Clarke,  370;  G.  Bouscaren,  373; 
H.  H.  Rousseau,  374;  H.  E.  Horton,  376;  C.  E.  H.  CampbeU,  382; 
A.  P.  Boiler,  390;  A.  A.  Trocon,  395;  W.  L.  Cowles,  404;  C.  E. 
Fowler,  409;  C.  F.  Stowell,  415;  Lee  Treadwell,  388;  C.  L.  Gates, 
440. 
REED,  W.  BoAKDMAN.     Influence  of  Rails  on  Pavements,  88. 
RENO,  James  Haet.     Memoir  of—    566. 
REPLOGLE,  Mark  A.     Governing  Water  Power,  26. 
ROUSSEAU,  H.  H.     Elevated  Railroads,  374. 
ROWE,  Samuel  M.     Elevated  Railroads,  442. 
SAUNDERS,  W.  L.     Underpinning  Heavy  Buildings,  58. 
SCHENCK,  A.  A. 

Influence  of  Rails  on  Pavements,  127. 
Underpinning  Heavy  Buildings,  50. 
SEAMAN,  Henry  B. 

Elevated  Railways,  367. 
Underpinning  Heavy  Buildings,  47. 
SEYMOUR,  Mark  Tucker.     Memoir  of—    578. 
SKINNER,  Frank  W.     Underpinning  Heavy  Buildings,  41. 
SMITH,    Eugene    R.     "  Compressibility   of    Salt  Marsb  under  the 

Weight  of  Earth  Fill."     (With  Discussion.)     213,  220. 
SMITH,  J.  Waxdo.     Governing  Water  Power,  24. 
SMITH,  Walter  T.     Elevated  Railroads,  423. 
STEAM. 

"  Substitution  of  Electricity  for  Steam  as  a  Motive  Power  for 
Suburban  Traflic."  John  Findley  Wallace.  (With  Discussion. ) 
133. 

STEEL. 

Soft  and  Medium  for  Elevated  Railroads,  J.  A.  L.  Waddell,  310, 
447;  Henry  B.  Seaman,  368;  G.  Bouscaren,  372;  Horace  E. 
Horton,  375;  Frank  C.  Osborn,  384;  A.  P.  Boiler,  390;  J.  E. 
Greiner,  400;  A.  C.  Cunningham,  405;  0.  E.  Fowler,  409; 
Chas.  F.  Stowell,  414;  Henry  W.  Hodge,  419;  Lee  Treadwell, 
427;  George  H.  Pegram,  438;  C.  L.  Gates,  440. 

STOWELL,  Chas.  F.     Elevated  Railroads,  414. 

STUART,  A.  A. 

Elevated  Railroads,  392. 
Tornadoes,  295. 


SUBSTITUTION"    OF   ELECTEICITT   FOE   STEAM.  IX 

"  SUBSTITUTION  OF  ELECTRICITY  FOR  STEAM  AS  A  MOTIVE 

Power  for  Suburban  Traffic. "     John  Findley  Wallace,  133. 
Discussion:    T.  C.  Clarke,   175;  Henry  G.  Prout,  177;  Charles  E. 
Emery,  178;  Cary  T.  Hutchinsou,  180;    W.   H.  Knight,  181;  C. 
J.  Bates,  182. 
Correspondence:   Edward  Barrington,  183;  Charles  Henry  Davis, 
189;  John  Findley  Wallace,  204. 
THOMAS,  Joseph  RussEiiii.     Memoir  of—     566. 
THOMSON,  Geoege  H.     Early  Bridge  Building,  5. 
THOMSON,  T.  Kennabd. 

Early  Bridge  Building,  12. 
Underpinning  Heavy  Buildings,  54. 
TIDD,  MAESHAiiii  Martatn.     Memoii-  of —     568. 
TILLSON,  George  W.     Portland  Cement  Concrete,  509. 

TIMBER. 

Treated  versus  Untreated — for  Elevated  Railroads.    J.  A.  L.  Wad- 
dell,  320,  479,  496;    Olaf  E.  Mogensen,   379;   A.  A.  Stuart,   394; 
W.  E.  Belknap,  403. 
TOMLINSON,  A.  T.     Elevated  Railroads,  441. 
TORNADOES. 

"Wind  Pressures  in  the  St.  Louis  Tornado,  with  Special  Reference 
to  the  Necessity  of  Wind  Bracing  for  High  Buildings."  Julius 
Baier.     (With  Discussion.)    221. 

TRACKS,  Car. 

"  Car  Tracks  and  Pavements."    James  Owen.    (With  Discussion.) 

63. 
"Influence  of  Rails  on  Street  Pavements.      Edward  P.   North. 
(With  Discussion.)     70. 
TRAFFIC,  Suburban. 

"Substitution  of  Electricity  for  Steam  as  a  Motive  Power  for 
Suburban  Traffic."     John  Findley  Wallace.    (With  Discussion.) 
133. 
TRATMAN,  E.  E.  Russell.     Influence  of  Rails  on  Pavements,  114. 
TREAD  WELL,  Lee.     Elevated  Railroads,  426. 
TRIPP,  O.  H.     Influence  of  Rails  on  Pavements,  115. 
TROCON,  Albert  A.     Elevated  Railroads,  395. 

"UNDERPINNING  OF  HEAVY  BUILDINGS."  Jules  Breuchaud, 
31. 
Discussion:  Thomas  Curtis  Clarke,  41;  Frank  W.  Skinner,  41; 
John  Bogart,  46;  Henry  B.  Seaman,  47;  John  F.  O'Rourke,  47; 
Charles  E.  Emery,  47. 
Correspondence:  Alfred  Noble,  49;  A.  A.  Schenck,  50;  T.  Kennard 
Thomson,  54;  W.  L.  Saunders,  58. 


X  VEKTILATION. 

VENTILATION. 

"Experiments  with  a  New  Method  of  Heating  and  Ventilation." 

Charles  Carroll  Gilman,  59. 
WADDELL,  J.  A.  L.      "A  Study  in  the  Designing  and  Construction  of 

Elevated  Railroads,  with  Special  Reference  to  the  Northwestern 

Elevated  Railroad  and  the  Union  Loop  Elevated  Railroad  of 

Chicago,  111. "     (With  Discussion.)     308,447. 
WAGNER,  Samuel  Tobias.     Elevated  Railroads,  411. 
WALLACE,  John  Eindley.     ' '  Substitution  of  Electricity  for  Steam 

as  a  Motive  Power  for  Suburban  TraflSc. "     (With  Discussion.) 

133,  204. 

WARD,  John  F.     Portland  Cement  Concrete,  515. 
WARING,  George  E.     Influence  of  Rails  on  Pavements,  87. 
WATER  POWER. 

"Governing   of  Water   Power   under  Variable   Loads."     M.    S. 
Parker.      (With  Discussion.)     17. 
WATER-WHEELS. 

Governing  of —     M.  S.  Parker,  17;  J.  P.  Frizell,  25. 
WESTON,  Chaeles  V.     Elevated  Railroads,  433. 
WHINERY,  S.     Influence  of  Rails  on  Pavements,  96. 
WILSON,  G.  L.     Influence  of  Rails  on  Pavements,  119. 
"WIND  PRESSURES    IN   THE    ST.    LOUIS    TORNADO,   WITH 
Special  Reference  to  the  Necessity  of  Wind  Bracing  for  High 
Buildings."     Jiilius  Baier,  221. 
Discussion:  Joseph  M.  Knap,  290;  George  S.  Morison,  290. 
Correspondence:  J.   B.   Johnson,    292;    N.   W.   Eayrs,  292;  A.  A. 
Stuart,  295;    Howard  C.   Baird,   296;  Henry  Allen  Hazen,   298; 
Francis  E.  Nipher,  300;  Julius  Baier,  304. 
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